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FIG 1A 

GAGTTTATTTTCGTTTGCGTGCGATAGGGTTTTTGTATTTAAGTGAGTTAA 
GGAATGAATTTCGAATTTTTTTGGGAAAGTTATTAACGTTTTTTTCGTATTT 
TTTTTAGGGTTTTTGATTACGGAGATTTTGTTTGGGGTATAGGTGTGGGAG 
TCGTAAATTTTTTTTTGCGTCGTTTTTTTTCGCGTGGAATGGGACGGAGTA 
GTTTTTTTAGGCGTTGTTTGGTTGCGGAGGGGAGCGGGTAGCGAGAGTTT 
CGGGTTTTCGTTTGGGTTTTCGGGTTTTCGGGGCGTTGGTTTCGGTTTTCGC 
GTAGCGTTTAGCGATTTTTGTCGGGGGTTTTCGGTAGTCGCGTCGTTATTT 
TTCGTTCGGTTAGCGCGGGAGGAAAAGGGGTTGCGTTCGGGAGCGTCGAG 
TTTAGGTTTTTTTCGGTGGCGTGTTCGCGTTTCGGGGTGGGGGTGTGGTGG 
GGAAGAGGGAGGGGGCGAGGTTAGGGGAGGGTGCGAAGGAGGCGTTTGT 
TTTTAATTTGCGGGCGGGAGGTGGGTGGTTGCGGGGTAATTGAAAAAGAG 
TCGGCGAGGAGTTTTTCGAAATTTGTTGGAATTTCGGGTTCGCGCGGAGG 
TTAGGAGTTGAGCGGCGGCGGTTGTCGGACGATGGGAGCGTGAGTAGGA 
CGGTGATAATTTTTTTTCGATCGGGTTGCGAGGGCGTCGGGTAGAGGTTA 
GGACGCGAGTCGTTAGCGGTGGGATTTATCGACGATTTTTCGGGGCGATA 
GGAGTAGTTTCGAGAGTTAGGGCGAGCGTTCGTTTTAGGTGGTCGGATCG 
TTCGTCGCGTTCGCGTCGCGTTTTTTGTAGGTAACGGGAGACGTTTTCGCG 
TAGCGCGAGCGTTTTAGCGCGGTCGTTCGTTTTTTTTTTCGAGGGATAAAT 
TTTTTTTAAATTCGATTCGAGTTTTTGGATTAAATTCGTTTGCGTCGAGAGT 
CGTTCGCGTAGAGCGTTTCGTTTTCGGCGAGATGTTCGAGCGTAAAGAAG 
GTAGAGGTAAAGGGAAGGGTAAGAAGAAGGAGCGAGGTTTCGGTAAGAA 
GTCGGAGTTCGCGGCGGGTAGTTAGAGTTTAGGTGGGTGCGTAGCGCGGT 
TCGGGTTTTACGATTTTTTTTTTGTTTTTTTTATTTTTTTTTTTTTTCGGATGT 
CGTGGTTTTTTTTTTTTTTTTTTTTTCGTTCGTTTTTTTCGTTTTGCGTTTTGA 
GCGTTCGTTGAGTCGCGCGGTGTTTTTTTTTTTGGGGGTCGTCGTTTATTTG 
GGCGTCGAGTTTTATCGGGCGTTTACGTTTAGAGTTTAGGGTAAGGGATA 
GTAGTTTCGGTCGTATTTTTTTAGAGTTTCGGGAGCGTTTCGTTTTTTGGTA 
CGGTTTTTTTTTAGCGTTTTAGCGGTTGAGTTTAGTTCGGGAGTGGGATTT 
GGGTTATAGGAGTCGAGGTTGCGTGCGCGCGTGTTTCGCGTTATAAGCGT 
TTTGTACGGGGGTCGTGTGTTTTTTAGCGGGAAACGTTGGAATGGGTCGTT 
TGGAGGGAGAGTCGGTTTTTTCGGTGTGTTTGGTAGCGTAGAAGTGGGTG 
GTCGAGTAAGAGGTCGCGTGGGAAGT 
SEQ ID NO: 1 
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FIG 1B 

ATTTTTTACGCGGTTTTTTGTTCGATTATTTATTTTTGCGTTGTTAGGTATA 
TCGAGGGGATCGGTTTTTTTTTTAGGCGGTTTATTTTAGCGTTTTTCGTTAG 
AGGGTATACGGTTTTCGTGTAAAGCGTTTATGGCGCGGGGTACGCGCGTA 
CGTAGTTTCGATTTTTATAGTTTAGGTTTTATTTTCGGGTTGGGTTTAGTCG 
TTAAGGCGTTGGGGAGGGGTCGTGTTAGGGAGCGAAGCGTTTTCGGGATT 
TTGGGAGGGTGCGGTCGGGATTGTTGTTTTTTGTTTTGAGTTTTGGGCGTA 
GGCGTTCGGTAGGATTCGGCGTTTAGGTGAGCGGCGGTTTTTAGGAGGGG 
AAGTATCGCGCGATTTAACGGGCGTTTAGAGCGTAGGGCGAAGAGGACG 
GGCGAGGGAGAGGGGGAGGGAGAGGTTACGGTATTCGAGGAGGAGGAG 
GAGTAGGAGGAGTAGGAGGAGGATCGTGGGGTTCGGGTCGCGTTGCGTA 
TTTATTTGGGTTTTGGTTGTTCGTCGCGGATTTCGGTTTTTTGTCGGAGTTT 
CGTTTTTTTTTTTTGTTTTTTTTTTTGTTTTTGTTTTTTTTGCGTTCGGATATT 
TCGTCGGAGACGGAGCGTTTTACGCGGACGGTTTTCGGCGTAGGCGAGTT 
TGGTTTAAGGGTTCGGATCGGGTTTGGGAAAAGTTTGTTTTTCGAGGGGG 
AGAGCGAGCGGTCGCGTTGAGGCGTTCGCGTTGCGCGGGGGCGTTTTTCG 
TTGTTTGTAGGGAGCGCGGCGCGGACGCGGCGGGCGGTTCGGTTATTTGG 
AACGGGCGTTCGTTTTGGTTTTCGGGGTTGTTTTTGTCGTTTCGGGAAGTC 
GTCGATGGGTTTTATCGTTGGCGGTTCGCGTTTTGGTTTTTGTTCGGCGTTT 
TCGTAATTCGATCGGGGAGAGGTTATTATCGTTTTGTTTACGTTTTTATCG 
TTCGGTAGTCGTCGTCGTTTAGTTTTTGGTTTTCGCGCGAGTTCGGAGTTTT 
AATAAGTTTCGGGGAATTTTTCGTCGGTTTTTTTTTAATTGTTTCGTAGTTA 
TTTATTTTTCGTTCGTAGGTTGGAGGTAGGCGTTTTTTTCGTATTTTTTTTT 
GGTTTCGTTTTTTTTTTTTTTTTTATTATATTTTTATTTCGAGGCGCGGATAC 
GTTATCGGGAGGAGTTTGGGTTCGGCGTTTTCGGGCGTAGTTTTTTTTTTTT 
TCGCGTTGGTCGGGCGGGGGGTGGCGGCGCGGTTGTCGGGAATTTTCGAT 
AGGGGTCGTTGGACGTTGCGCGGAGATCGAGGTTAGCGTTTCGGAGATTC 
GGGAATTTAGGCGGAGATTCGAGGTTTTCGTTGTTCGTTTTTTTTCGTAGT 
TAGGTAGCGTTTGGGAGGGTTGTTTCGTTTTATTTTACGCGGAAAAGGAC 
GGCGTAGAGAAAAGTTTGCGATTTTTATATTTGTGTTTTAAGTAGAGTTTT 
CGTGGTTAGGAATTTTGGGAGGGGTGCGGGGGGAACGTTGGTGGTTTTTT 
TAGAAGAGTTCGGGGTTTATTTTTTAATTTATTTAAGTATAAAAGTTTTGT 
CGTACGTAGGCGAAAATAAATTT 
SEQ ID NO: 2) 
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FIG 1D 

TGTTTTTATTTTAGTGATTGGATTCGGAAAGAAAAGGATTTTGGGTTTTAT 
TTTGGTTCGTTATTTTTCGTTTTTTTTTTTTTTTAAGTAAAGTTATTTTATTT 
TTTTTTAATAAATTTTATATTTAAAAAGTTGATTTACGGATATATCGTATG 
TTTTTCGATTTTGAGTCGTCGGTTTTTTTGTTTCGGTTATTTATTCGTCGAG 
TCGTTGGTAAAGTTTGGGTTGCGTTGGGTTGTTTCGGGTCGTAGGAACGTT 
CGAGGGGAAGAGGGTCGGGCGGGCGGCGGCGTAGGGTTTCGGAGGTAGG 
CGACGGTCGTAGCGGTATAGAAGACGGCGGAAGGCGTTGCGAAAGTTCG 
GGTTGCGGTAGTAGATGAGCGGGTTGAAGGTAGAATTGGTATAATTTAGT 
TAGTTTAGGGTAAGGAAAGTCGGGTTCGGGATTAGAGAGGGGTTTTTTAG 
GGCGCGTAGTACGTTGGTTAGAAAGAAGGGTAATTAGTAGAGAGTGAAG 
GTGTTTATGATGAGATTTAAGGTGTATAGGGTTCGGTGTTTTCGGAGAGGT 
AGGAGGCGCGCGGGTCGTCGGTCGTAGGCGGGTATTTTTTCGGGCGGAGC 
GTACGTTTTTATCGGGGTCGGGGTTAGAGAGCGCGACGGCGTCGGCGGAG 
ATTTTTCGGGCGGAAAGCGGTTTAGTTTTTCGCGTAGTAAGCGTAGTTGGC 
GCGTAGTTATTACGAAAATTCGCGCGTAGACGAAGAGTATTACGAGAAGA 
GGAAGGTAGAAGGAGACGGAGGAGGATAGTAGTACGTAGGGTATGTTGG 
AGGCGAAGGTATAGTAGCGCGGGTTGGAGTGGTAGCGTTGCGTTTCGGCG 
TCGGTTTTTACGCGTTATTATTGGTTTATGATGGGCGTAAACGATATCGCG 
GTCGATACGATTTATATTAGGATTATAGTTGTTCGGGCGTAGCGTTTGGTG 
ATTAGTGCGTCGTAACGTAGCGGGTTGGTTATAGTTAGGTAGCGGTTTAC 
GGTTAGGGCGTATAGGGTTTCGATGTTGGCGGTTATATATAGTACGTTTAT 
CGAGGTTTATAGTTCGTAGTTAGTGGCGTTTAACGGTTAGTGGTTAGTTAG 
CGTTAAGGTGGTCGTCGGCGGTATTATTAGGAGTTTTATTATTAGGTCGGT 
TGCGGTTAGCGAAGTTACGAATACGTTGGTTATGGTTTGGAGTTTCGGAG 
TTTAGGCGATGGTTACGATGATTAGTAGGTTGTTTTTTACGGTGGTTAGTA 
TCGTTAGCGTTAGTAGGGTTTCGGTTAGGGTCGTTTTTTACGGAATTTTTG 
GTAGTTTATTGGTGTTGGCGGTATTGGGCGTTAGGGT 
SEQID NO: 4 
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FIG 1E 

CGAAAAGTTTTTGAGGCGTTGCGTGTATTTTATTTTAGGATATCGTGTGTG 
CGCGTCGAGTTGAGTGCGAGGAACGTGGCGCGAGGGTCGGGGGATGTCG 
GGTTGCGTGGGTGTGAGTTTTCGCGCGATCGCGATTTCGCGTTTTTTTCGT 
TTTCGTCGGAACGTGATCGTAGTCGTATTTTTTTTTTAGTTTTTTTTTAGTT 
AGACGTTTTTTTTTAGGTTTTTTTGGGCGTTTATTGTAAATTTTGCGATTAA 
AATACGTCGGTGAGTTCGGTTTATCGATAGATGGATTAATCGTTTTTTTTT 
CGGTTAGGGGAGGAGGAATTTTTTAATTTCGGAGTTTAGGGAGTCGGGAG 
TTGTTTCGGGACGAGTTTTTCGGAGTTTAGTCGGTTGCGGAGTTTCGGTTC 
GGGTCGGTTTCGGGGTTTTTTTGTCGGGGTGGGGTGCGAGTTTTTGTTCGA 
TTTTTTTGGGGCGGTTTAGGTAGGTTTGTCGGTTTTCGAGGAGGTGGTTAG 
GGCGTTTTGGTTTAGTAGGTTTTTTTTCGAGTCGGGGGGAGGGGAGATCG 
GTTGGGGAAGGGGTATTTCGAAGGGGTGGAGGTCGGGGCGGGCGGGAGG 
TAAGCGCGTCGCGGGCGTGAGGGTAAAGTTTTCGAGGTTCGCGCGGAGAG 
TATACGTGTATGTGCGCGCGGGGTTAGGTCGGGGTCGGTAGGATGCGTTG 
GGTTCGGGGGCGCGCGGGGTCGGCGTCGAAGGGGATAATTTTTTTTTTTG 
GTATTATCGGGGAGACGTTTTGTCGGTTTCGGTTTTTGGGCGTAGGGACGT 
TTTAGTTTACGGAGGGTGGAGTTTTTTTTAGATTCGGGTTATCGGTTGGGG 
TTTTTTTAACGTTTTGTTTTTCGAGTTTTCGGATGGTTCGGGTTTTACGGAT 
TTCGCGTTTTTTAGTTTTAGTTTAGTTTTTTAGGTTTTTTAGATTTAGCGGC 
GTAGGGGGCGGGGGTAGGGGTAGTGGGGGTTGGAGGGCGTAGTCGGTTT 
TTAGGGTGGGGAGAGTTGCGGGGGGAGGAGGAGGAGGGTGTCGACGTTT 
GAGTGGGTTCGAGTTCGAGTCGTAGTCGGGGGAGTTAGTTAGTTTTCGGT 
TAAGGTAGTAGGTTAGTTTTAGGAAGGGCGGGCGATTGAGTCGAGGGAGT 
CGGCGGTTGGGTTTTTTTTTCGGTTCGCGATTTTCGGCGTCGTCGTCGTCGT 
TATCGTTATCGTTATCGTTTTCGTTTTGTCGTCGTCGTCGTTGTAGAGTATC 
GTAGTTTCGTCGCGTTTTCGCGTTTCGCGTTTCGCGTCGTTAGTCGTTTGGG 
AGTTCGAGCGTCGAGTTCGGGGCGGAGGAGAGGGGCGTTGGCGCGAGAG 
TTCGGGCGAGGGAGTCGCGAAGGGAGAAGGGGGCGGGCGGAGGGAGGA 
GTAGGGAGAGTGGGAGAAGGGGGAGGGAGAGAGGAGAGCCAGGGAGAG 
TTGGAGAGAGCGAGAGTAAAGAGCGAGCGAGGGAGAGGAGAGAGAGAG 
AGAGGAGAGAGAAAGATATACGTACGTAGAGATATACGGTTATTGGAAT 
TTTATTAGAAAAAAGTGAGTCGAGTA AGGGTTAGCGGGAG 
SEQ ID NO: 5 
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FIG 1 K 

CGGGTTGGGGGGTGTTCGGGGGATTTTAGATTTGTTTTTTTTTCGTTAGTTT 
TAGGGTAGGATATTTCGGTATTTGTTAGTTCGCGGTTTCGGGGGGTATTCG 
TGTTTTTGCGGTCGGCGTGTTGCGTTCGAATTGCGGGCGTCGAGTTAGGTA 
GCGACGGGGCGCGTTCGGCGCGCGTTTTGGTTTTAGTTCGTTTTTTTTAAT 
TTCGTTAGTTTATGCGGGGGTAGAGGTGGTTTCGGAGGTGGGTAGGTTAG 
GCGGATTCGGCGAGGTTACGCGAGAGGGAGTTCGTGTTTATCGGCGACGG 
GATTTGCGCGTTTCGGTTCGTGCGCGTCGCGTTGTTTTTTAGCGTTTCGTTA 
TTTAACGTCGAGGGGCGGATTCGATTCGGTCGTTAATTATCGCGTTCGTTT 
TCGTTCGGATCGCGAGTTTCGGTTTTATCGCGAGGGGCGGGGGGTTTAGA 
TTTAAAGATATATTTAGTTTAGTCGTAGTTTTCGGGCGGGAGGAACGCGG 
GCGTTACGTTTTTCGGTTGCGTTTTTTTTTTTCGTTCGTTTATTTTTCGCGAG 
GAGGAAAAGTTTGGGGCGGGGGAGATTGTTCGGGAAGTTAGTTTTTTTTT 
TTTCGTCGTTAGTGCGGTTTTTTTTGGAAGATATTTAAATTCGATATTTAGT 
TTTTTGGTTGCGAGAGGTAGTAGCGTTTTGGGCGTTATATTTCGTTTCGGA 
CGTCGGTTATTCGCGATATTCGTTGGTTCGGTTTTTTTCGTTTTTTTTTGTTT 
TATAGTTAGGTCGAGTTTCGGCGGGATCGAGTTTAGTATTCGGGTTTCGGG 
TCGGTTTCGTTGTGTAGTGCGGTCGGAGTTGG 
SEQ ID NO: 16 

TTTTGTATAGGAGTAGTGATTTTAGTATTTATTTAATTTTTTTTCGGCGTCG 
AGTTTAGTTGGAGAGGTTAGGGGTGGTAGTGATTGGTAGGAGGTCGGGGC 
GGGGGGAATTTTTAAGTTCGGCGTTTGGGGTTGCGGGTTCGATTCGAGAT 
TCGTTTTTTTTGTAAGTTTCGAGTCGTTGGTTAGGTTCGTTATTGCGTATTA 
GTCGTATTCGCGAGCGTTGGTTTTGTCGGTTTGAGTTAGGGTGGGTAGGGT 
CGGGATTTACGGCGGAGGTGGGGTCGGGTCGAGTAGTTTCGGGGGATTTT 
CGAAGTTATAGCGTTTTGTTTTTTTGTACGTTTCGCGTTTTCGGTTTTCGAT 
TGGTTGTCGGGTTTAGAGTTCGTTTAGAATTGGATCGTTCGTTTGTCGTTC 
GGGTTTGGTTTTATTTTTAGAGGGAGTTTAGAATTTGGTCGTAGTTTTTAG 
AGATTATTTTTATTTCGTGGTTTGCGTCGAAGTTGGGCGGAGGATAGTGGG 
TGGTTAGGTTTTTTCGGGTTAGAATTCGGGATTTTTGTTAGTTATTCGTGTT 
AGGATAGATTTAAGTTTTTAAAACGCGGATGGATGTAT 
SEQ ID NO: 17 

GTATATTTATTCGCGTTTTGGGGGTTTGAGTTTGTTTTGGTACGGGTAGTT 
GGTAGGGGTTTCGAGTTTTGGTTCGGAAGGGTTTGGTTATTTATTGTTTTT 
CGTTTAATTTCGGCGTAGGTTACGGGGTGAGGGTAGTTTTTAAAAATTGC 
GATTAGGTTTTAGGTTTTTTTTGGGGGTGGAGTTAGATTCGAGCGATAAGC 
GAACGGTTTAATTTTGGGCGGGTTTTAGGTTCGATAGTTAATCGGAGGTC 
GGGGGCGCGGAGCGTGTAGGGAGGTAAGGCGTTGTAGTTTCGGGGATTTT 
TCGAGGTTGTTCGGTTCGGTTTTATTTTCGTCGTGGGTTTCGGTTTTATTTA 
TTTTAGTTTAGGTCGGTAGAGTTAGCGTTCGCGGATGCGGTTGGTGCGTAG 
TAGCGGGTTTGGTTAGCGGTTCGGGGTTTGTAGGGAGGGCGGATTTCGGG 
TCGGATTCGTAGTTTTAGACGTCGGGTTTGGGGGTTTTTTTCGTTTCGGTTT 
TTTGTTAGTTATTATTATTTTTAGTTTTTTTAATTGAGTTCGGCGTCGGGAG 
AGGATTAAGTAAGTGTTGAGGTTATTGTTTTTGTGTAAGA 
SEQID NO: 18 
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FIG O 

GGTGTCGGTGTTGGTGTTGTTTATGGTCGCGTTGTATTAGGTGTTTAATAA 
GTGGATATTGGGTTAGGTAATTTGCGATTTGTTTATCGTTTTCGACGTGTT 
GTGTTGTATTTTATTTATTTTGTATTTGTGCGTTATCGCGTTGGATAGGTAT 
TGGGTTATTACGGATTTTATCGATTACGTGAATAAGAGGACGTTTCGGCG 
CGTCGTTGCGTTTATTTCGTTTATTTGGTTTATTGGTTTTTTTATTTTTATTT 
CGTTTATGTTGGGTTGGCGTATTTCGGAAGATCGTTCGGATTTCGACGTAT 
GTATTATTAGTAAGGATTATGGTTATATTATTTATTTTATTTTTGGAGTTTT 
TTATATTTCGTTGTTGTTTATGTTGGTTTTTTATGGGCGTATATTTCGAGTT 
GCGCGTTTTCGTATTCGTAAGACGGTTAAAAAGGTGGAGAAGATCGGAGC 
GGATATTCGTTATGGAGTATTTTTCGTTTCGTAGTTTAAGAAGAGTGTGAA 
TGGAGAGTCGGGGAGTAGGAATTGGAGGTTGGGCGTGGAGAGTAAGGTT 
GGGGGTGTTTTGTGCGTTAATGGCGCGGTGAGGTAAGG 
SEQ ID NO: 23 

TTTTGTTTTATCGCGTTATTGGCGTATAGAGTATTTTTAGTTTTGTTTTTTA 
CGTTTAGTTTTTAGTTTTTGTTTTTCGATTTTTTATTTATATTTTTTTTGGGT 
TGCGGGGCGGGAGATGTTTTATGGCGGGTGTTCGTTTCGGTTTTTTTTATT 
TTTTTGATCGTTTTGCGGATGCGGAAGCGCGTAGTTCGGAATATGCGTTTA 
TAGAGAATTAGTATGAGTAGTAGCGGGATGTAGAAAGTTTTAAAGGTGGA 
ATAGATAGTGTAGTTATGATTTTTGTTAATGGTGTATGCGTCGGGGTTCGA 
GCGGTTTTTCGGGGTGCGTTAGTTTAGTATGGGCGGGATAGAGATGAGGA 
AGTTAATAAGTTAAGTGAGCGAGATGAGCGTAGCGGCGCGTCGGGGCGTT 
TTTTTGTTTACGTAGTCGATGGGGTTCGTGATGGTTTAGTATTTGTTTAGC 
GCGATGGCGTATAGGTGTAAGATGGATGAGGTGTAGTATAGTACGTCGAG 
GGCGATGAATAGGTCGTAGGTTATTTGGTTTAGTGTTTATTTGTTGAGTAT 
TTGATATAGCGCGGTTATGGGTAGTATTAATATCGATATT 
SEQ ID NO: 24 

GGGATGATAAGGGAGAAAAATTTTTTTACGGTTTCGTTTGGTTCGCGGCG 
TTTGTTTGTTTGCGCGGGGTTAAAGTTCGGCGTCGTTTACGCGCGGTTCGG 
GTGGGAATTCGTAGACGTGGGGCGAGTAGGGTCGTTGGTTGTGGCGGGCG 
AGCGTCGGGGCGTTACGTTCGAGGTCGCGGGGTCGGGGTTGTAGGTATAG 
TTCGAGCGTTTTTCGCGGGGTTTGGTTTTTGTCGTTTTTCGTTTCGTCGAAT 
CGGTATCGTCGTCGTCGGAGTCGTAGCGAGTTTTTAGAGTTTGGTTGTTGG 
CGGTCGGGAGCGTCGGGACGGGGCGCGAAGTCGGAGGTTTCGGGACGTG 
GATATAGGTAAAGGTCGGCGGGTCGGAGTCGGGCGGGGCGCGGCGGCGG 
CGTTTTTCGGAGGGATTTGGTTTCGGTCGGGTTTTATTTAGTCGCGGTGGT 
TCGGGTTTTTACGTTGGTTTAGGCGGGGACGTGTTAAGGGGTTGGGTTAG 
GGTTGTCGTTGGTTTGGTCGTTTTTCGTTCGGCGGGTTTTAGGTGACGCGG 
TCGCGGTTTAATTTTCGTATTTGAGGTTTTCGGAGCGGTTTCGGGGCGCGT 
TTATTTGGAGGTTGGAATTATATAGGGTCGAAAAAGTTGAGTTTTGGAGG 
CGAGGCGTTGTAGGTGTGGCGGAGGAGGTCGGGGAAGGTGGGGTGGGTG 
TTAGGGGTTTAGTATTGAATTTTTTTTAGGTTTGAGGTGGGGAATTGCGTT 
TTGTTTAATTTCGGAGTTTGTGGGGATTATATAGTTTTTTTTACGGTCGATT 
TTTTTTGTACGGTTTTATTTTTTTTTGTTTAGTTTATTTTAGT 
SEQ ID NO: 25 
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FIG 1R 

AATTTAGAAATAAATAAATATATATGTATACGTATATAAATATATTTTAA 
ATTAAAAAATATTTTTAGATAGTGGTATGTATTATATTTAGAAATTAATAA 
CGAAGTAAATTATGGGATGTTATTTACGTTTGTTTTAAAGGTATCGAATTT 
ATAAATTATTTTAGGTGCGGAGTAGGATAGGTTGAAAATAGGAATGATAT 
GAATTCGCGCGGAATAGTTGTCGGCGCGGTGTTTAGGGCGGTATTTCGTT 
CGGTTTCGGTTTTTTTAGTTTTGGGTTCGATTTTTATTACGTTTTTGTTTCG 
ACGCGAACGCGGAGTTCGAGCGCGCGTTACGTCGTGTGGGGTCGAAGAG 
GTTGTTATTTAGAGGCGGAGTGCGGGTTCGCGAGGGTTTTTATTCGATTTT 
CGTTTTCGTTAGTATTTACGGATTCGCGTTTTCGTCGCGCGTCGATTCGGG 
AGTAGTATCGTTTTCGGTATAGGAGTTTTACGCGTTTTTTATTTAATAGGA 
AGTTGGGTGGAAGTAGCGCGGATTTACGGTATATCGAACGTATTTTAATA 
GAATTCGACGTAGATACGCGTTTTTAATCGGCGGAGATATTGGTAGGGTT 
AGAAACGCGCGTAGCGGGGGCGGGAGGTCGGTAAGTTTTTCGTTTTTGTT 
CGAGATTTCGTTTCGGTTCGGTTTCGTTTTTTTTTTTGTTTTTTTTTTTTGTA 
CGTACGGGTTTCGTTTTTCGCGCGACGTTTTTTGTTGATTCGGAAACGGAT 
TTTTCGGAGTCGAGGTTCGTTCGGGTGAGTGTTTTTCGTTTTTTGTGGTTAA 
ATTTAGTTACGTAGTTTTTTTTTTGCGGCGTTTTTTATATTCGGGGTTTGTT 
GGTTTTCGCGGATGTTATAGGTTCGGTAATCGTTTTTTTGTCGGCGGGGAG 
TTTCGCGACGTTCGGAAATGTTTCGAAGTTTGTCGTTTAGTTGTTAGATTT 
GCGTTTGTGTTCGGTTTCGTTATTGAGGTCGTTTTTGTTCGGTTTTTTTATT 
TTAGTTTTTTTTATCGTTCGTTTATTTTATCGCGCGCGGTTTTAGGTTTCGA 
TTCGGTATGTGGTTTGTTTTTTATCGTTTT 
SEQ ID NO: 29) 

GGGACGATGGAAGATAAGTTATATGTCGAATCGGGATTTGAGGTCGCGCG 
CGATAGGATGGGCGGACGGTGAAGAGAATTAGGGTGGAAGGGTCGGATA 
GGGGCGATTTTAGTGACGGAATCGGATATAGACGTAGATTTGGTAGTTGG 
GCGATAGGTTTCGGAGTATTTTCGGGCGTCGCGGGATTTTTCGTCGATAGG 
AGGGCGGTTGTCGAGTTTGTGATATTCGCGGAGATTAGTAGATTTCGGGT 
GTGGAGGACGTCGTAGGAAGGGAATTGCGTGGTTGGGTTTGGTTATAAAA 
AGCGGAGGGTATTTATTCGAGCGGATTTCGGTTTCGGAGAATTCGTTTTCG 
GGTTAATAAAAAACGTCCCGCGAGGGGCGGGGTTCGTACGTGTAGGGAG 
GGGAGGTAGAGAAAAAGGCGGGGTCGGGTCGGGGCGGGGTTTCCGGTAG 
GGGCGGGGAGTTTATCGATTTTTCGTTTTCGTTGCGCGCGTTTTTGGTTTTG 
TTAGTGTTTTCGTCGGTTGAAAGCGCGTGTTTGCGTCGGGTTTTGTTGGAG 
TGCGTTCGGTGTGTCGTGGGTTCGCGTTGTTTTTATTTAATTTTTTGTTAGG 
TAAGAGGCGCGTGAGGTTTTTGTGTCGGGGGCGGTGTTGTTTTCGAGTCG 
GCGCGCGGCGGGGACGCGAGTTCGTAGGTGTTGGCGGGAGCGAGAGTCG 
GGTGGGGATTTTCGCGAGTTCGTATTTCGTTTTTGGGTAGTAGTTTTTTCG 
GTTTTATACGGCGTGACGCGCGTTCGGGTTTCGCGTTCGCGTCGAGGTAG 
AGGCGTAGTAGGGGTCGGGTTTAGGGTTGGAGGGGTCGGGATCGGGCGG 
GGTGTCGTTTTGGATATCGCGTCGGTAGTTGTTTCGCGCGGGTTTATGTTA 
TTTTTATTTTTAATTTGTTTTGTTTCGTATTTGAGATGATTTATAAATTCGG 
TATTTTTGGGATAGGCGTGGATGATATTTTATAATTTATTTCGTTATTAATT 
TTTAAATGTAATATATATTATTATTTAAAAGTATTTTTTAATTTGAAATAT 
ATTTGTATACGTATATATGTATATTTATTTATTTTTGAATT 
SEQED NO:30 
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TGCGCGTTGTTGCGTTGAGGTCGAATGAAGCGTAGTACGGTGCGGGTAGT 
TCGAGGTTTCGAGGTTGGGTTTTGTTTGTTTGGGATTGCGTCGTGTTTAGT 
TTCGGTTTTTTTTTTGTGGGTAAGGATGGTTGAGTTTAGTTTTTACGGTAGC 
GGTTTTTTGTGTTATTAGTAGTTTTTTTTTTGCGTTTTTCGTTTTTTTTTTTT 
AGATTGGATTTTTTTTTTTTTTCGCGTTTTTTTTTTCGTATTTTTTATTCGTT 
GGTTTTTTTTTTAGTTGTTTTTTTTTTAGGTTTTTTTTGGTTGCGCGCGTTTT 
TTTTTTCGTTTTTTTTTTTTTCGTAGTTTCGTCGTTTTGGTGTTTTTTTGTTCG 
GTTCGGTCGGCGTTCGTTTTCGGTTTCGGTTTCGTTAGTTCGGGTTTTCGCG 
TTCGGAGTAGTTTAGTTTTGTAGTGGTTCGGGATTCGATGTTATGAGAGGG 
AAGCGAGTCGGGCGTTTAGATTTTTAGGAGGCGTCGGATGCGCGGCGGGT 
TTTGGGATCGGGTTTTTTTTTCGGTTCGTTTTGTTTTCGGGTGATTATTTGG 
TTTCGTTTATAGTTTTGTTTTTTTCGGAGGAGTTATCGGTGTCGCGTGCGTG 
TGGAGTATTTGTAGATATGATTGCGTGGAGGAGATTTTAGTCGTTGTTTTT 
GTTTTTCGGGTTGTTGGTGTTGTGCGCGAGGTTTTTTATTGTAGCGAAGGG 
TAAGACGGATTTGTTTTTGGTCGGGGAGGCGGTAGAGTTTTCGGAGGTTT 
CGTGTGCGGACGCGAGTGTGCGTTTTGGGGATCGTAGGGTACGGAGTGGT 
CGTTTTTGTTCGGCGTTGTTTTATCGTCGAAGTTCGGGGAACGCGATGTAC 
GGGAGGGAGTTTTTATCGCGTTTTTTTTAGTTTTTTTGGGTTTTCGTTTTAT 
TTCGTTATTTTTTTTTTTTTTTTTGGGTTTATAGGAGAGATTTTTTTTTTTCG 
GTAGTATAGGGTGTTAAGGAGAAAGGAATTTAATACGAGTTGGGTTGGAA 
TTGTGTTTCGTCGGGGCGGTGTTGTTTTTTTCGAGACGTGGATTTTACGGG 
TCGGGGTGGTTGAGGGGTAGTTTTTAGGATTTTTTTTTCGGATTCGACGCG 
TTTGGGAAAGCGTTTCGGGTGAAGTCGGTTTGGAAAGTTCGGGTTTTTTAC 
GGGGGTTTTGGTATTAATAGGTAAAGGTTTTCGTCGGTTCGGTTTTTTCGT 
ATTTATATATTTTATTTTTTTTTTTTTTTTTTTTTTTTTAACGTTTTTAGTCGG 
CGAGGAGTAGTTGTTTTTAGAAGGTCGTTTTCGTTTTTTTTTTTTTCGGATT 
TCGTTTTTT 
SEQ ID NO:31 
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AAGGAGCGAAGTTCGGGGGAGAGGAAAGCGGGGGCGATTTTTTAGAGGT 
AGTTATTTTTCGTCGGTTGAGGACGTTGGAGAGGGAAGGAGGAGAGGAG 
GAATGGGGTGTATGGGTGCGAGGAGGTCGGGTCGGCGGAGATTTTTGTTT 
ATTGGTATTAAAATTTTCGTAGAGAGTTCGAATTTTTTAGGTCGGTTTTAT 
TCGGGACGTTTTTTTAGGCGCGTCGGGTTCGGGGAGAAAGTTTTGGGAAT 
TGTTTTTTAGTTATTTCGATTCGTGGAGTTTACGTTTCGGAGGAGGTAATA 
TCGTTTCGGCGGAGTATAGTTTTAGTTTAATTCGTATTGGGTTTTTTTTTTT 
TTGATATTTTGTATTGTCGAGAAAAAGAGATTTTTTTTGTGAGTTTAAGAG 
AGGGGGAAGGAATGGCGGGGTGGGGCGGGGGTTTAGGAGGGTTGGGGAG 
AGCGCGATGGAAGTTTTTTTTCGTGTATCGCGTTTTTCGAGTTTCGGCGAT 
GGAGTAGCGTCGGGTAGAGGCGGTTATTTCGTATTTTGCGGTTTTTAAAAC 
GTATATTCGCGTTCGTATACGGGGTTTTCGAGGGTTTTATCGTTTTTTCGGT 
TAGGAGTAAGTTCGTTTTATTTTTCGTTGTAGTGAGGAGTTTCGCGTATAG 
TATTAGTAGTTCGAGAAGTAGGAGTAGCGATTGGAATTTTTTTTACGTAGT 
TATGTTTGTAGATATTTTATACGTACGCGATATCGATGGTTTTTTCGAGGA 
AGGTAGGGTTATGAGCGGAGTTAAATAATTATTCGAGGGTAAGGCGAGTC 
GGAGAGAGAGTTCGGTTTTAAGATTCGTCGCGTATTCGACGTTTTTTGAAG 
GTTTGGGCGTTCGGTTCGTTTTTTTTTTATAGTATCGGGTTTCGAGTTATTG 
TAGGGTTGAGTTGTTTCGAGCGCGGAGATTCGGGTTGGCGGGGTCGGGGT 
CGGGGACGAGCGTCGGTCGAGTCGGGTAGGAAGGTATTAAGGCGGCGAG 
GTTGCGGGAGGGGGAGAAGCGGGGAGAGGAGCGCGCGTAGTTAGGAGA 
GATTTGGAGAGGAGGTAGTTGGAGAGAGAGTTAGCGAGTGGGAGATGCG 
GGGAGGGGGGCGCGGGGGGGAGGAGAGATTTAGTTTAGAGAGAAAAGG 
CGGAGAGCGTAGAAGAAGGGTTGTTAGTGGTATAAGGAGTCGTTGTCGTG 
GAGGTTGGATTTAATTATTTTTATTTATAGAGAGGGGATCGAGGTTGGGT 
ACGGCGTAGTTTTAGATAGATAGAGTTTAGTTTCGGGGTTTCGGGTTGTTC 
GTATCGTGTTGCGTTTTATTCGGTTTTAGCGTAGTAGCGCGTA 
SEQ ID NO:32) 

GATTTTTTGGGTTAGGATATGTGAGAGTTGCGTAGGTTTGGGTTCGGCGTG 
GCGGAGGTGCGCGAGAGCGGTTAGAAGAGGGCGTTAGAGAGTTAGGCGC 
GGTTCGCGGAGGAGTTCGCGTCGGTTTTTATATTTAGTTTCGCGTCGCGCG 
GATTTATCGAGTTCGCGTTTAGACGTTTTAGTTTTATCGAGAGGTCGTTCG 
GGTCGTGTTTTTTTTTTTTTTTAGGTGTAGGTAGAGTTTTCGAGTTATGGTT 
AGTTTTTTCGGTAGTTTCGAAGTTATTGGTAAGTTTCGAGGTAGGGATGGT 
CGGTTTAGGAGGGAGGAGGACGACGTTTTTTTCGAAGAGA AGAGGTTGG 
GGTTGTAGTTGGAGGGGGGAAGCGTATAGTTCGAGGATTGCGAGAACGG 
GGAGGACGCGTCGCGGTTAGGTAGGGAGGAGATCGGTATTTAGATAGGT 
GGCGATCGTAGAGGAGTAAGTGACGCGGGCGTTGGGGTTCGGGGGTGTC 
GGGGGCGTCGGTAGGGGCGGCGGGAGGTTTCGTGGTCGGTTTCGGGTTGA 
AGTTGGTATTTTAGCGGTAATTTCGAAGGGCGCGGAGTGATAGCGCGTGA 
CGGTTTTCGAGACGTTAGTTGTCGTTTTTCGGTTGTGTGGTTTTGATTTTTT 
GATTTTTTTACGACGTCGTTGGTTGGGAGATTTATTGGATTTTGCGGTTGG 
TTAAAAAGAGAGGGGTAGTTTCGCGTTTTGGGGGTTTTTAGTAGGGGAAG 
TGGCGGGTGTTGCGTTGGGTATTTTGTTTGGGGTATTTGTTTGGGATTTTG 
TTGGTGTTTTTTATTTGGCGAGGGGTTAGTGGTGGGGGTAGGGGG 
SEQID NO:33 
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TTTTTTATTTTTATTATTGGTTTTTCGTTAGGTGAGAGGTATTAATAGGGTT 
TTAGATAGATGTTTTAGATAGGATGTTTAGCGTAATATTCGTTATTTTTTTT 
GTTAGGGGTTTTTAGGACGCGGGGTTGTTTTTTTTTTTTTGGTTAGTCGTAG 
AGTTTAGTGGGTTTTTTAGTTAGCGACGTCGTGGGAGAATTAGGAAGTTA 
AAGTTATATAGTCGAGA AGCGGTAGTTGGCGTTTCGGAGGTCGTTACGCG 
TTGTTATTTCGCGTTTTTCGGAGTTGTCGTTAAAATATTAATTTTAATTCGG 
GGTCGGTTACGGAGTTTTTCGTCGTTTTTATCGGCGTTTTCGGTATTTTCGG 
ATTTTAGCGTTCGCGTTATTTATTTTTTTGCGGTCGTTATTTGTTTGGGTGT 
CGGTTTTTTTTTTGTTTGGTCGCGGCGCGTTTTTTTCGTTTTCGTAGTTTTCG 
GGTTGTGCGTTTTTTTTTTTTAGTTATAGTTTTAGTTTTTTTTTTTCGGGAGG 
GACGTCGTTTTTTTTTTTTTTGGGTCGGTTATTTTTGTTTCGGGGTTTGTTA 
GTGGTTTCGGAGTTGTCGGAAGGGTTGGTTATGGTTCGGGGGTTTTGTTTG 
TATTTGGAGAAGAGGAAGGATACGGTTCGAGCCGTTTTTCGGTGGAGTTG 
GGGCGTTTGAGCGCGGGTTCGGTGGGTTCGCGCGGCGCGGAGTTGGGTAT 
AGGGGTCGGCGCGGGTTTTTTCGCGGGTCGCGTTTGGTTTTTTGGCGTTTT 
TTTTTGGTCGTTTTCGCGTATTTTCGTTACGTCGGGTTTAGGTTTGCGTAGT 
TTTTATATGTTTTGGTTTAGGAGGTT 
SEQ ID NO:34) 

TCGGCGTTTAGGTGACGTTGATTTTGTTGGTTTATCGTTTTGGGGGTTATTT 
AATTTTTTAGCCATGTTTTTTAGTTGGGGAGGTTAAGAAGTGTTTCGTTTA 
AGGTTTTTTAATATTCGATTTTTAGATTTTTAATTTTGGGTTAGTTATATCG 
TAAATTTTTTTAGTTGTTTTTTTTGCGTTTTGCGTTTTTTTTTTACGTTATTT 
GTTAGGGAGTCGTTAAATAGTAAGATCGCGCGTTTTGCGGTTTTAGAGTG 
CGGATTTCGGTCGCGTGCGGTTTTGATCGCGTCGTTTTATTTTTGGCGGGG 
TTACGTACGGACGTTATGGTTGGCGTCGCGGAGTCGGGCGATGCGCGCGG 
ATTTTTTCGGGGTTTTGATTGTTTTTGAGTTTTTTTTGCGGGGGGCGTGCGC 
GGTTCGTTTTTCGCGGCGTTACGCGGTTTTTTTTCGGTCGGGGATTGGTGC 
GTCGGGCGGGGCGGGGCGGGGCGGGATAAAGGCGCGGGGTTTGGTTGCG 
CGGGGTTTGCGGGTAGTTTTAATTTTGGGTTCGTAGTTTGCGTTGGGTGCG 
TAGGAAGGTTAGTGTGGGGGTCGTTCGATATTTTTTTTTCGCGGAGGTGGG 
AGTCGAGTTATATTTTGGAGTGGGGATTGGTCGCGGAGCGGGTTGTTTAG 
GGTCGGTCGAGGTCGGGGCGAGTTTTGCGCGGCGTTGGAGATTTTGTATT 
TTCGGGCGCGCGTAGGGTTTTCGGTCGTGGTCGTAGAGTTAGGAGGGGCG 
GTTTCGGAGTTCGGCGCGGGGAGGGTTTAGGCGTAGTCGGGGTTGGTAGG 
GCGCGATATTCGTTTTTTTTTATTTTTGAAAGGGTTTTTTACGTCGAGAAG 
AGGGGCGGGTATGGTCGGTTCGGCGAAATCGGTTTCTATAGATTTTGGGA 
AGTTATCGTTTGCGGAGGGTGGGATTTTATAGTTTGTTTATTTGTTTAGGT 
TGAGATTTCGTGTTTTAGTTTTGGATGTTTTACGGGTTTTTCGTTTCGGGTA 
GCGGCGTACGGGAGGAGAAGATTTTCGGTTTGTAGTTAGATTTTTTTTTGA 
GATTTTTTTTAGTTTAGGTTTAGAGTTTTGGG 
SEQ ID NO:35 
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GAAGTTGTTTAGTACGAGGTGTTTTTTGTATTCGTTCGCGTCGTTATATTTG 
CGTTTTTATTCGCGTTCGTATTTGTACGTTTTTTTTTGCGTTTCGGTTTAAG 
TTTATTTATCGGCGGCGCGTGTTGCGCGACGGTATAGTTGACGGCGGTAG 
TTAGGAGGATTAAGGCGACGTAATTTCGGTTCGGTATCGTTTTAGTAGTTA 
ACGTTATTTTTCGGATTTTAGTAGAGGTAAAGAAGAGTCGGTTGGGTCGG 
GGGTAGGTTACGTTTTTTTCGTCGCGTGATTCGCGATTTGGGATCGTATTA 
TTTTAGGTAGTAGGGGGAACGTTCGGAGGAGGCGGGATTGGGAGGAGAG 
GACGGGGTTTTTTAGTGTTACGAAAAGGGTGGCGTAGAGAAAGAGAGAG 
AGTTTTTTAGGTTATTTGTAGAAGGAGAGTCGCGATCGTTTTTGGCGCGTG 
GCGTGATTTATTTTTTTTTTTTATCGCGGGTAATAGTCGGATCGAGTCGGA 
GTTTCGTTTCGTAGGTGGGGTCGGGAGTTTTATTCGTGGCGTTTCGATGGG 
GCGTTTTTAGTAGGCGGGTGTAGTTTGTTTCGCGTATTTAGGT 
SEQ ID NO:44) 

GGTAGTGTAGTTGTGGGAATTTTTTTACGCGTACGAATTTAGTTAACGATT 
TTTGATAGATTTTTGGGAGTTTGATTAGAGATGTAAGGGGTGAAGGAGCG 
TTTTTTATCGTTAGGGAATTTTGGGGATAGAGCGTTTCGGTCGTTTGATGG 
TCGAGGTAGGGTGCGATTTAGGATTTAGGACGGCGTCGGGAATTATATTA 
TGGTTCGGATTTTTAAGATTTTAAAGTTCGTCGTCGTTATCGTCGCGGTTTT 
GTTGTTAGTGAGTTTCGGTCGCGGTTTTTGGTTGGGGAAGAGCGTATTTGG 
CGTCGGGAGGGGGTAGGGAGACGGGGATACGGTAGGGATGTTTGGTTTT 
GGTTATTTGCGGTCGGGTATGTTCGGGTAGGACGAATTCGTCGTCGGAGT 
TAGGGGAAGAATTGGGTTTTCGGGTTGGGTAGGAGGGATTCGGTCGCGAG 
GGAGTAGAGAGGCGGTTTTTTTGGTTGTTTCGAGTTCGCGAAGGGAGGGA 
AGTTTTAGAATCGAGAGAGGGAGGGAGTTAAGGTGGAATTTATAGAGTG 
AGTTTTTTGAAGATATAGAGCGGTTGTTTTTTTTATTAATTAATTAA 
SEQ ID NO: 45) 

TTAATTAATTAATGAGAGAGGTAATCGTTTTGTGTTTTTAGGAGGTTTATT 
TTATGGGTTTTATTTTGATTTTTTTTTTTTTTCGATTTTGGAATTTTTTTTTTT 
TCGCGGGTTCGGGGTAGTTAGGGGGATCGTTTTTTTGTTTTTTCGCGGTCG 
GGTTTTTTTTGTTTAGTTCGGGGATTTAGTTTTTTTTTTGATTTCGACGGCG 
AGTTCGTTTTGTTCGGATATGTTCGGTCGTAGGTGATTAGGGTTAGGTATT 
TTTGTCGTGTTTTCGTTTTTTTGTTTTTTTTCGGCGTTAGGTGCGTTTTTTTT 
TAGTTAGGGATCGCGGTCGGGATTTATTGGTAGTAGGATCGCGACGATGA 
CGACGACGAATTTTAGGGTTTTGGGGATTCGGGTTATGGTATGGTTTTCGA 
CGTCGTTTTGGGTTTTGGGTCGTATTTTGTTTCGGTTATTAGGCGGTCGGG 
GCGTTTTGTTTTTAGAGTTTTTTAACGGTAGGAAGCGTTTTTTTATTTTTTG 
TATTTTTGGTTAAATTTTTAAAAATTTATTAGAAATCGTTGGTTGAGTTCG 
TGCGCGTGGAGAGGTTTTTATAGTTGTATTGTT 
SEQ ID NO: 46 
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CGTTTGCGGAGGATTGCGTTGACGAGATTTTTATTTATTGTTATTAATTTG 
TGGTGGAATTTGTAGTTGTATATTGGATTTGATTCGTTTCGTTTCGAATGA 
CGTTTGTTCGGAGGTAGTGAAAGTATAGTCGCGTCCTTTTAAGTTAGTTTG 
GATATATAAATTAGTACGCGGTCGGAGAATTTCGTAATTTTTGCGTTTATA 
AAATATATCGACGATGTTCGATTTATTTTAAGGGTTGAAATTTACGGGTTT 
GAGAGATTATA AGAGCGTTTTTTATCGTTATGGAATAACGGGGATAGAAC 
GTTTCGGTCGTTTCGGGGGTTCGGAAAAGGTACGGTTTAGGATTTAGGGA 
GGCGCGGGGAGTTAGGTTTGGGTTTCGGGTTTTTAAGATTTTTGTGTTCGT 
TGTCGTCGCGGTTTTGTTGTTGGTGAGTTTTCGTCGCGGTTTTTGGTTGGG 
GAAGAGCGTGTTTGGCGTTTGGAGAGGGTAGGGAGAGAGGGGGATACGG 
CGGGGGTGCGTGGTTCGGGTCGTTTGCGGTCGGGTATGTTCGGGTAAGAC 
GTATTAGTCGTCGGAGTCGGGGGAAGAGATGGGTTTTCGGGTTGGGTAGG 
AGCGATTTGGGTCGTTAGGGAATAGAGCGCGCGTTTTATTTGGTGTAAAT 
TTTCGAATTTAGTGGGGGAGGGCGATAAGGAGGGAATTTTCGAGTAAGTT 
GCGTGAAGTTACGGAGAGGTCGTCGGATTTTGATTTTGTTTTTTTTTTTTAT 
TTTTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTC 
GTTTAGTTTTTGTTTTAATTTTTTTTTTTTTTGCGTTTTCGAATGAATTTTTA 
AAGGCGTTTATTGTAGATCGTTTTGAATTTGCGGTCGGCGAAGAATTTTTT 
TGTGGTCGTTGCGGTTTAGTGGTTTCGTTTCGTGCGCGGGAGTCGTCGCGG 
GCGTAGTTGGAGAGGTTTTTTTTTTTTTTTAGCGGTTGCGTTTTTACGCGTG 
CGGGGTCGTTTATCGTTAATGTTATTGTTTGGGGTTTTTTGGGAAAACGAG 
ATTTAGGAGAAGGGAGTTGTGGTATTTG 
SEQ ID NO: 47) 

TAAGTGTTATAATTTTTTTTTTTTAAATTTCGTTTTTTTAAGGAATTTTAAA 
TAATGGTATTGGCGATGAGCGGTTTCGTACGCGTAGGGGCGTAGTCGTTA 
AGGAGGGGAAGGGGTTTTTTTAGTTGCGTTCGCGACGATTTTCGCGTACG 
GAACGGAATTATTGGGTCGTAGCGATTATAGGGGAGTTTTTCGTCGGTCG 
TAGGTTTAAAGCGATTTGTAATGAGCGTTTTTAGGAATTTATTCGAAGGCG 
TAAAAGAAAAAGAAATTAAGGTAGGAATTGAGCGAGGAAGGAAGGGAG 
GGAAAGAAAGGAAGAAAGAGAAAAAGAGAAAGAAATAGAAAGTAAGGA 
AAGAAAATAAAATTAAAGTTCGACGATTTTTTCGTGGTTTTACGTAGTTTA 
TTCGGGAATTTTTTTTTTGTCGTTTTTTTTTATTGGATTCGGGAATTTATAT 
TAAGTGGAGCGCGCGTTTTGTTTTTTGGCGGTTTAGGTCGTTTTTGTTTAAT 
TCGGGGATTTATTTTTTTTTTCGATTTCGACGATTGGTGCGTTTTGTTCGGA 
TATGTTCGGTCGTAGGCGATTCGGGTTACGTATTTTCGTCGTGTTTTTTTTT 
GCGGGGATTTATTAATAGTAGGATCGCGGCGATAACGAGTATA AGGGTTT 
TGGGGATTCGGGGTTTAGGTTTGGTTTTTCGCGTTTTTTTGGGTTTTGGGTC 
GTGTTTTTTTCGGGTTTTCGAAGCGGTCGGGGCGTTTTGTTTTCGTTGTTTT 
ATGGCGGTAGGGAACGTTTTTATAGTTTTTTAGGTTCGTGGGTTTTAGTTT 
TTAAAGTAGATCGGGTATCGTCGGTGTATTTTGTGGGCGTAGAGATTGCG 
GGGTTTTTCGGTCGCGTGTTGATTTATGTGTTTAGGTTGATTTGGGGCGGC 
GCGGTTGTATTTTTATTGTTTTCGGGTAGGCGTTATTCGGGGCGGGGCGAA 
TTAGATTTAATGTGTAATTGTAAATTTTATTATAGGTTGGTGATAATAAAT 
AAGAGTTTCGTTAACGTAATTTTTCGTAAGCG 
SEQ ID NO: 48) 
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TTTTCGGTTGAGGGGTCGAGTATTTTAGTAAATTTTTTATTGTTTCGTTTTC 
GAGGGTGTTTTTTGGTTTGGTTGGTTTTTAGATGATTTTTTCGGAGAGGGT 
TATCGGTTCTTTGATTTTAGGCGCGGGAGCCAAGGGTTTTCCGTATTAGGT 
TATAAGGGGCGGGTAGGCGGTAGGTCGGATTAGATTAGCGTTTGTGGATT 
GCGTTTCGGTTTTAGGGAGGGTCGTTTGGTTTTCGTAGGCGGAGGGAGGC 
GTGGGCGGTCGCGGTTGTTTAGGCGGTAGAATGTGGATTGAGGCGCGGAA 
GGGGTTTTTTTTTCGTAGTATTTATTTGTTCGTCGCGTTGGGTGTTTAGAAC 
GCGTTGTTAGGTTTTCGAGGGCGATATTTTTAGATTTTTGTCGTTTTTGATA 
TTTATTTTTTTGTAAATTATGGTTTCGAATTCGGGGTTAAGCGAGATATTT 
GATATTTTTTCGGCGCGGTTGGAGGATTTAAGGTTGTTATAGTTCGCGATT 
TCGGGATAGTTTATTTTTGATTTTCGGGTCGTGAGTTCGAATTTTCGATGTT 
ATTAGTTTAGTTGTCGATATTTTCGACGTTATATTTCGGGATTTATTTATTT 
TTATTCGTAGAAAGAAAAAAAAATCGTTAAGATTAAATTATTATAGTAAT 
ATTAACGATCGTTGATTGTGGTTGTGTCGGGTATTGCGTTGAGCGTTTCGC 
GCGTATTGTTATTTCGCGTTTTTTATAGTTTGATAGGCGAGGTGTTATTTAT 
TATATTTATTTTATAGATGCGTAGATTTAGGTTTCGGGATAAGTAATTTTA 
TAAGATTGGAGATTAGAAGTTTTTATTTTTTCGCGTTGCGTTTCGCGTAAT 
TTTAAATTAAAATTTAGAGATAATGGTTTTCGTCGAGGATATATTTTGAAC 
GTTAGAATTTTTTTTCGATTCGGTCGTGGATACGTTTTTAGTTATTAACGTT 
GTATTTCGAGTTTGTTGACGCGGAGATATTCGTAGAGTTAGGTTTTGGGTT 
CGGGACGTTCGGGCGGTTGTAAATTCGGTTCGGAGTCGTAGTTTTTAATTT 
ATAGTATTTTTCGAGTTCGTTGGTTGGACGCGGCGGAGGCGTTTCGGGGG 
TGTTTAGTAGGGCGCGGTACGCGGTATTGTTTATTTTTTGTTTGTAGGTTG 
CGGATGATGTTTCTTTTCCGTAGCGGGTCGCGGTAGAGGTTTAGTATGTAC 
GTTAGAGGGGATGGCGACGAGGGTTGTTTTCGCGTACGTAGGAGCGTAGT 
GGTTATCGTCGTAGTATTCGTTTGGAGTAGGGTTTATTAGGCGTGTAGAAG 
GAAGGGTAGGTAGTGGGCGTGTA 
SEQ ID NO:50 

TTTTGAAGGGCGGCGGATTTTAGGGTTATGTTGGTTGTTTTTAGAAAGTAG 
GAGTTCGAAATCGCGGGGTTAACGAACGTTTATATTTTTTGTTATAATTTC 
GTTATTTTTTTGCGTTTTTTTTTTTGTTTTTTGTTTTTATAGGTAACGTTTAG 
AACGAGTGTTTTTTTCGGTGGGGTATTGAGGAGTTTGGGTTGTAGTTGTCG 
AGTCGTTATAGTTACGTTGAGTTCGGTTTGGTTTGTATATTGGCGTTATCG 
TTTGGCGGGGAGCGGGATTGACGCGTTTTTTTTTTTTTTTTTTAGTTTAGAT 
TACGGAGGCGCGGAGTTTTATTTTTTGTTTTGGGCGAGGGG 
SEQID NO:51 

TTTTTCGTTTAGGGTAGGAGATGGAGTTTCGCGTTTTCGTGATTTGGGTTG 
GAGGAGAGGGAGAGGAGCGCGTTAGTTTCGTTTTTCGTTAGGCGGTGGCG 
TTAGTGTGTAGGTTAGGTCGGGTTTAGCGTGGTTGTGGCGGTTCGGTAGTT 
GTAGTTTAGGTTTTTTAGTATTTTATCGGGAGAAGTATTCGTTTTGGGCGT 
TATTTGTGGGGGTAGGGGGTAAGGGGAGAGGCGTAGGGGAGTGGCGAGG 
TTGTAGTAGAGAATGTGGGCGTTCGTTGGTTTCGCGGTTTCGGGTTTTTGT 
TTTTTGGGGATAGTTAGTATGGTTTTGAAGTTCGTCGTTTTTTAGAG 
SEQ ID NO: 52 
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TAATTAGGGTTGGTTTATTTTTTTTTAGTTAATTTTTTTTTATTTTTAGTTTT 
TAATTTAATTTATTTCGTTTATTAGTTTTTGGATTTTTATTATTTTTTTCGTA 
TTTTCGGTAGTTTTGGGGAAGTTTCGTGACGTTATAGGTTTCGTTTTTAGTT 
TCGGTTCGGGGTTAGTGCGTGTTGACGTTATGTTGCGTGCGGGTCGGTGCG 
GAATCGTTTTTTTAATTTCGCGGGGTAGTAGGAGTTAGTTAGTAAAGAGTC 
GAGGTCGGGCGCGCGATTTTCGTTTTTTTGTTTTTGGTCGTATATTTTGCGT 
ATATTTTTTTTTTTGTATGGTGGATATTATTTTTTATT 
SEQ ID NO:53 

AATGAAAAATAATATTTATTATGTAGAAAAAGAGATGTGCGTAAAGTGTG 
CGGTTAGGGGTAGAAGGACGAGGGTCGCGCGTTCGGTTTCGGTTTTTTGT 
TAATTAATTTTTATTGTTTCGCGGAGTTGAAGGAGCGATTTCGTATCGGTT 
CGTACGTAGTATGACGTTAATACGTATTAGTTTCGGGTCGGAGTTGGGGG 
CGGGATTTGTGGCGTTACGAAGTTTTTTTAGAATTGTCGGGGATGCGGGG 
GAGGTGATGGGGATTTAGGGGTTGATGGGCGGGGTGGGTTGGGTTGGAG 
GTTGGGGGTGAAGGGAGATTGGTTGGGAGGAAGTGGGTTAATTTTGATTG 
SEQ ID NO:54) 
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AACACGTGTAGGTTGTTGGAATTACATTAACGAATGAATGAGCAAAACCTTCTAAACCAC 
CGACCAATGAAACCCCGATACAGAAAATCGCTGTCATGAGTAAGTTAGCACTCCTGAAGA 
GTTTGAATACTGAACTGGCCAGAGTCTGCGCGCCGACGCCCCCCAGGTGGCCGGAGTGAC 
CCGGAGCAGGCGTGGCTGTCTCTCAGACCCGCGCGTTGGGCCCGAACAGTTTGTCCCCAC 
GCAGCTCCCATATAAGGCGGGCCCCTCCCCTGCCCCAGCCAGCTAGGTCGCCGCGCTGGC 
TCCCTGGCGGCTTCTCAA ACCAACCCGCCGCTACTGCGCATGCTTGGCAAGCTCGCCCGC 
TCCTTAATATCCTGCTCCGGCTGTTCCTGCCACCCGTTGGT CAAATTCGCACCCAGCTCT 
GCTCCAGACAGAGGGAAAACCCAGTGATTTCCGGGCTCTAGAAACAAAGGGAGGCTATGA 
TTCCCTGCTGGCCCTAGGGGTCCAGGGAAGGTTATGGAAAGATAATTCTTTGTGTAAGCG 
GGTTGCGTAC 

SEO TD NO: 121 - c2O orf23 

GTACGCA ACCCGCTTACACAAAGAATTATCTTTCCATAACCTTCCCTGGACCCCTAGGGC 
CAGCAGGGAATCATAGCCTCCCTTTGTTTCTAGAGCCCGGAAATCACTGGGTTTTCCCTC 
TGTCTGGAGCAGAGCTGGGTGCGAATTTGACCAACGGGTGGCAGGAACAGCCGGAGCAGG 
ATATTAAG GAGCGGGCGAGCTTGCCAAGCATGCGCAGTAGCGGCGGGTTGGTTTGAGAAG 
CCGCCAGGGAGCCAGCGCGGCGACCTAGCTGGCTGGGGCAGGGGAGGGGCCCGCCTTATA 
TGGGAGCTGCGTGGGGACAAACTGTTCGGGCCCAACGCGCGGGTCTGAGAGACAGCCACG 
CCTGCTCCGGGTCACTCCGGCCACCTGGGGGGCGTCGGCGCGCAGACTCTGGCCAGTTCA 
GTATTCAAACTCTTCAGGAGTGCTAACTTACT CATGACAGCGATTTTCTGTATCGGGGTT 
TCATTGGTCGGTGGTTTAGAAGGTTTTGCTCATTCATTCGTTAATGTAATTCCAACAACC 
TACACGTGTT 
SEO ID NO : 122 - C2 O Orf 23 

CAGCCGAGGGGCGCGCCTGGCTGATGTGTGGTTGAATGGAGAGCGGCCCAACCCTCCTCC 
TTCCTCCTCTTCTTCTCCCCGCCCTGACACCCGGGCCT CAAACTTCAACCAAAGCCCGTG 
CCCTTTT CAATTTACCCCCCTCGATCAAAATGAGCCATTCTTGTCTGTCCTCCGCGGCGG 
CCCATTGTCTGGCGTGATAGGTTTGCAGATTTGACAGCTGGGCGCACGCAGATTTGATTC 
AAACTCGGTCTCCCCGAGAGATGAACTTGGACATCAGCAAAGATCCCGAGCACTGCCGGC 
TGGCTCCTAGACCGGTCTCCCGACCCAGTG TAGACTTCGGTGCCCCGGGCGCCCCCCGGC 
GTGCGGGAAGGGGAGCGTGTGTCAGGCGTGGGGGGCGGGGGGTGAGCAGCACGACTGGGA 
ACCACCCGTCCCAGGGGTTCGGGCGAAGGGCTCTCTACATCTTAGCCTTTTTTTCTTGTT 
GTTAATTTACTCTCGAAACAGCCAAAATGGAGGTCAGCTTATAAATTTTCTAAAGCCAGG 
TCTGGCCGGG 

SEO ID NO : 123 - GFRA1 

CCCGGCCAGACCTGGCTTTAGAAAATTTATAAGCTGAC CTCCATTTTGGCTGTTTCGAGA 
GTAAATTAACAACAACAAAAAAAGCCTAACATGTACACAGCCCTTCGCCCCAACCCCTGG 
GACCGCTGGTTCCCAGTCGTCCTCCT CACCCCCCCCCCCCCACCCCTGACACACCCTCCC 
CTTCCCGCACGCCGGGGGGCGCCCGGGGCACCGAAGTCTACACTGGGTCGGGAGACCGGT 
CTAGGAGCCAGCCGGCAGTGCTCGGGATCTTTGCTGATGTCCAAGTTCATCTCTCGGGGA 
GACCGAGTTTGAATCAAATCTGCGTGCGCCCAGCTGT CAAATCTGCAAACCTATCACGCC 
AGACAATGGGCCGCCGCGGAGGACAGACAAGAATGGCTCATTTTGATCGAGGGGGGTAAA 
TTGAAAAGGGCACGGGCTTTGGTTGAAGTTTGAGGCCCGGGTGTCAGGGCGGGGAGAAGA 
AGAGGAGGAAGGAGGAGGGTTGGGCCGCTCTCCATTCAACCACACATCAGCCAGGCGCGC 
CCCTCGCCTG 

SEO ID NO : 124 - GFRA1 
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FIG 2D 

TGAGAGATAGCCCTAAGGAGGGAACCGTCCCTAGAGCCGGTCCCCAGCCGCTCGGCACTT 
CCCGCCCACGCGCCCGGTCCCACAGTGCAGCGGACCCT CACT CACCCCGCGGATGTCCCA 
GTACCCCAGTGTCATGGACATGATGCTGGTTGGTGTCGATTCTGCAGACAGGCCTCAGCT 
GGGCTGAACTGCGACCTCCTCTGGGGTTCCCGGCACGCAGGGGCTGGACCTAGCGCCAGA 
CCCCCCCCCTCGGCCCCGCTGCGCCCGCCGATCTTCAAGGTCGT CACTTCCAACCGGCCG 
ATCTTCAAGGTCGTCACTTCCAACCAACAGGCGCGGGAGGCACGGAGCAGGTTGCTGGAT 
CCT CACTGGCTGGAAGGAGTAAGATCCACCGCCACCTCCGAGTGTTCAGGGAGCAAGGTC 
CGGAAGCACTAGGAGGGGCTCGGCCTCGCCAGCTTCCGTAGCCCCGCCCCGCCCCGCTCC 
GCTTCGGACCTCTGCTGGGTCCCCAGGGACTCGGCTGTGCGCGTGAGAGTAAAGCCAGAT 
CGTAAGAGAA 
SEO ID NO: 128 - GSTM4 

TCTTGAATTGGGGGCGGAGGTAAAAAAAAAAAAAAAGTCCT CACTGTGGGAAGCTATAAA 
AAGCAAAGAGGACTGGGGAGAGAGCAGAGAGAGAGAAAGCGGGAGCCCGCGGCGAGCGTA 
GCGCAAGTCCGCTCCCTAGGCATCGCTGCGCTGGCAGCGATTCGCTGTCTCTTGTGAGTC 
AGGGGACAACGCTTCGGGGCAACTGTGAGTGCGCGTGTGGGGGACCTCGATTCTCTTCAG 
ATCTCGAGGATTCGGTCCGGGGACGTCTCCTGATCCCCTACTAAAGCGCCTGCTAACTTT 
GAAAAGGAGCACTGTGTCCTGCAAAGTTTGACACATAAAGGATAGGAAAAGAGAGGAGAG 
AAAAGCAACTGAGTTGAAGGAGAAGGAGCTGATGCGGGCCTCCTGATCAATTAAGAGGAG 
AGTTAAACCGCCGAGATCCCGGCGGGACCAAGGAGGTGCGGGGCAAGAAGGAACGGAAGC 
GGTGCGATCCACAGGGCTGGGTTTTCTTGCACCTTGGGTCACGCCTCCTTGGCGAGAAAG 
CGCCTCGCAT 
SEO ID NO: 129 - DKK2 

ATGCGAGGCGCTTTCTCGCCAAGGAGGCGTGACCCAAGGTGCAAGAAAACCCAGCCCTGT 
GGATCGCACCGCTTCCGTTCCTTCTTGCCCCGCACCTCCTTGGTCCCGCCGGGATCTCGG 
CGGTTTAACTCTCCT. CTTAATTCAT CACCACCCCCCCA TCAGCTCCTTCTCCTTCAACTC 
AGTTGCTTTTCTCTCCTCTCTTTTCCTATCCTTTATGTGT CAAACTTTGCAGGACACAGT 
GCTCCTTTTCAAAGTTAGCAGGCGCTTTAG TAGGGGATCAGGAGACGTCCCCGGACCGAA 
TCCTCGAGATCTGAAGAGAATCGAGGTCCCCCACACGCGCACTCACAGTTGCCCCGAAGC 
GTTGTCCCCTGACT CACAAGAGACAGCGAATCGCTGCCAGCGCAGCGATGCCTAGGGAGC 
CGACTTGCGCTACGCTCGCCGCGCGCTCCCCCTTTCTCTCTCTCTCCTCTCTCCCCACTC 
CTCTTTGCTTTTTATAGCTTCCCACAGTGAGGACTTTTTTTTTTTTTTTACCTCCGCCCC 
CAATTCAAGA 

SEO ID NO : 130 - DKK2 

CGATTGGCTG CAAGGGTCTCGGCTTGGCCGCGGATTGGTCACACCCGAGGGCTTGAAAGG 
TGGCTGGGAGCGCCGGACAC CTCAGACGGACGGTGGCCAGGGATCAGGCAGCGGCTCAGG 
CGACCCTGAGTGTGCCCCCACCCCGCCATGGCCCGGCTGCTGCAGGCGTCCTGCCTGCTT 
TCCCTGCTCCTGGCCGGCTTCGTCTCGCAGAGCCGGGGACAAGAGAAGTCGAAGGTGAGT 
GAGCCTCCGGGCCGGGGGCCGGGAGAAAAAACCTAGCCCCTCGGTGTCCAGCGCTCAGTG 
CAATGCACCCCTTTTCCCAGGCTCCCCGCCAGATGGGCAATCCCCAGGTGCGAGAGACCT 
CCTGAACCCCTTTTGCCGCCCCCTCCGCCGCCGGGACCCCGCCCCCGACCGTCGTCGTCT 
CGTAGTTC CATCTGTTGGAGAGCCGAGACCTGGTGCTTCAGGCGGGCAGAATGACTAAGG 
GAGGAAGGTCTCTCTCCCCGAGCTCGCACTTTCTCCCCACTGCCACCTCGAGGGTCGCCT 
TGCTACATCT 

SEO ID NO : 131 - GPX3 
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MATERALS AND METHOD FOR ASSAYING 
FOR METHYLATION OF CPG ISLANDS 
ASSOCATED WITH GENES IN THE 

EVALUATION OF CANCER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a divisional of U.S. patent appli 
cation Ser. No. 12/115,674, filed on May 6, 2008, now aban 
doned, which is a continuation of International Patent Appli 
cation No. PCT/US2006/060685, filed Nov. 8, 2006, 
designating the United States, which claims the benefit of 
U.S. Provisional Patent Application No. 60/734,577, filed 
Nov. 8, 2005, which are incorporated by reference herein in 
their entireties. 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ELECTRONICALLY 

Incorporated by reference in its entirety herein is a com 
puter-readable nucleotide?amino acid sequence listing Sub 
mitted concurrently herewith and identified as follows: One 
214,875 Byte ASCII (Text) file named “702375 ST25.TXT,” 
created on May 2, 2008. 

BACKGROUND OF THE INVENTION 

Phosphate linked cytosine-guanine (CpG) dinucleotides 
are statistically underrepresented in the genomes of higher 
eukaryotes, including mammals. The dinucleotide is report 
edly found at only 5-10% of its predicted frequency. The 
majority of CpG dinucleotides that do remain in the human 
genome are normally located within repetitive sequences that 
are characterized by low gene expression levels and exhibit 
methylation at the cytosine residues. 
CpG islands, on the other hand, represent genomic 

sequences that contain clusters of CpG dinucleotide. CpG 
islands may be associated with the promoter region or 5' end 
of coding sequences or may be present within introns or in 
genomic regions that are not known to be associated with 
coding sequences. They may be unmethylated or methylated 
in normal tissues and the methylation pattern may be used to 
control tissue specific expression and the expression of 
imprinted genes. Methylation of CpG islands within pro 
moter regions can result in the downregulation or silencing of 
the associated gene. An increase in methylation of normally 
unmethylated islands is observed in aging tissues even as the 
overall methylcytosine content of the DNA is reduced. The 
aberrant methylation pattern is more pronounced in cancer 
cells with increased methylation or hypermethylation 
detected in various cancer tissues. CpG islands may be 
methylated to varying densities within the same tissue. Thus, 
aberrant methylation of cytosines within CpG islands can be 
a primary epigenetic event that acts to Suppress the expression 
of genes involved in critical cellular processes, such as DNA 
damage repair, hormone response, cell-cycle control, and 
tumor-cell adhesion/metastasis, leading to tumor initiation, 
progression and metastasis (Liet al., Biochim. Biophys. Acta, 
1704: 87-102 (2004)). It has been proposed that a unique 
profile of promoter hypermethylation exists for each human 
cancer in which some gene changes are shared and other gene 
changes are cancer-type specific (Esteller et al., Cancer Res., 
61: 3225-3229 (2001)). Given that aberrant methylation rep 
resents new information not normally present in genomic 
DNA and that aberrant methylation is a common DNA modi 
fication and affects a large number of genomic targets, it is 
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2 
feasible to develop diagnostic and prognostic tests based on 
information obtained from multiple target CpGs. Such tests 
may be based on CpGs that are aberrantly hypermethylated or 
hypomethylated in the diseased tissues. They may also be 
based on changes in methylation density in CpG islands as 
long as the changes corrolate with the presence of cancer. 

Prostate cancer, for example, which is the most common 
malignancy and the second leading cause of death among 
men in the U.S. (Liet al. (2004), supra), has been found to be 
associated with the methylation of CpG islands in the pro 
moters of over 30 genes, in particular the CpG island of the 
glutathione S-transferase P1 (GSTP1) gene. GSTP1 methy 
lation has been detected in over 50% of DNA recovered from 
urine and plasma of prostate cancer patients (Goesslet al., 
Ann. N.Y. Acad. Sci., 945: 51-58 (2001); Cairns et al., Clin. 
Cancer Res., 7:2727-2730 (2001); Jeronimo et al., Urology, 
60: 1131-1135 (2002); and Gonzalgo et al., Clin. Cancer 
Res., 9: 2673-2677 (2003)). However, if diagnosis of prostate 
cancer relied solely on the detection of the methylation of the 
CpG island in the GSTP1 gene, the theoretical limit of the 
sensitivity of such a test would only be approximately 90%. 
GSTP1 is also methylated in prostatic intraepithelial lesions 
(PIN) which may lead to a false positive diagnosis. Some 
CpG islands are methylated in prostate cancer and other dis 
eases of the prostate, such as benign prostatic hyperplasia 
(BPH). They may even exhibit some degree of methylation in 
normal aging prostates. Such markers may not be suitable 
individually for prostate cancer diagnosis. Therefore, a panel 
of markers is required to achieve the sensitivity and specific 
ity needed for a clinical test. 
The prostate-specific antigen or PSA test continues to be 

widely used in the early detection of prostate cancer. While 
the PSA test has resulted in the majority of prostate cancer 
cases being diagnosed in asymptomatic men (Mettlin et al., 
Cancer, 83(8): 1679-1684 (1998a); Mettlin et al., Cancer, 
82(2):249-251 (1998b); Humphrey et al., J. Urol., 155: 816 
820 (1996); and Grossfeld et al., Epidemiol. Rev., 23(1): 
173-180 (2001)), the PSA test suffers from poor specificity, 
which can be as low as 33% when a PSA cut-off level of 2.6 
ng/ml is used (Thompson et al., N. Engl. J. Med., 350: 2239 
2246 (2004)), even though the sensitivity can be as high as 
83%. The poor specificity of the PSA test is a direct result of 
increased secretion of PSA in other diseases of the prostate, 
such as BPH and prostatitis. Thus, an elevated PSA level 
indicates the need for additional screening in the form of 
needle biopsy. Ultimately, the results of needle biopsies lead 
to the diagnoses of prostate cancer. 
Over 1 million needle biopsies of prostates are performed 

each year at a cost of about $1,500 each and much discomfort 
to the patient. However, less than 200,000 of these result in a 
diagnosis of prostate cancer. Therefore, the majority of 
needle biopsies are being performed needlessly. 

In view of the above, there is a need for non-invasive 
methods of diagnosing and prognosticating cancer, such as 
prostate cancer, that reduce the cost and Suffering associated 
with currently available cancer screening methods. It is an 
object of the invention to provide materials and methods for 
non-invasive diagnosis and prognosis of cancer, Such as pros 
tate cancer. This and other objects and advantages, as well as 
additional inventive features, will become apparent from the 
detailed description provided herein. 

BRIEF SUMMARY OF THE INVENTION 

The invention provides materials and methods for evaluat 
ing cancer. Methods of evaluating can include methods of 
diagnosing and prognosticating cancer as well as methods of 
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assessing the efficacy of cancer treatment. Generally, the 
methods provided involve assaying for methylation of CpG 
islands associated with specific genes. The invention also 
provides pairs of isolated or purified primers that can be used 
in the methods of the invention, for example, to amplify 
and/or detect the methylation state of the CpG islands asso 
ciated with specific genes. The invention also provides kits 
comprising one or more pairs of primers useful in the dis 
closed methods. 
The invention provides methods of diagnosing cancer by 

assaying for one or more methylated CpG islands that are 
indicative of cancer. Generally, the method comprises pro 
viding a biological sample from a subject in need of cancer 
diagnosis and assaying the sample for methylation of one or 
more CpG islands associated with at least one gene selected 
from the group consisting of neuregulin cell-surface ligand 
(NRG1), adrenergic B3 receptor (ADRB3), glycosylphos 
phatidyl-inositol cell-surface receptor (GFRA2), kinesin 
family member 13B (KIF13B), RET proto-oncogene (RET), 
G-protein-coupled protein receptor 147 (GPR147), neuroge 
nin 3 transcription factor (NEUROG3), paladin (predicted 
protein tyrosine phosphatase) (PALD), methyltransferase 
family member 1 (HEMK1), fibroblast growth factor 4 onco 
gene (FGF4), 5-hydroxytryptamine (serotonin) receptor 1A 
(HTR1A), ring fingerprotein 180 (LOG 285671 or RNF180), 
EGFR-co-amplified and overexpressed (DKFZP564K0822 
or ECOP), zinc finger protein 596 (ZNF596), similar to 7 
transmembrane helix receptor (LOC441320), L-threonine 
dehydrogenase (TDH), hypothetical protein FLJ36980 
(FLJ36980), fibroblast growth factor receptor 20 (FGF20), 
EF-hand domain family member 2A (LOC286097 or 
EFHA2), N-acylsphingosine amidohydrolase (acid cerami 
nase) 1 (ASAH1), nodal homolog (TGF-B signaling path 
way) (NODAL), hypothetical protein similar to Zinc finger 
protein 532 (LOC399783), transcription factor LIM home 
odomain (ISL2) Kinesin family member C2 (KIFC2), chro 
mosome 20 open reading frame 23 (Kinesin-like motor pro 
tein) (C20orf23), GDNF family receptor alpha 1 (GFRA1), 
Glutathione peroxidase 7 (GPX7), Dickkopf homolog 2 
(DKK2), netrin 1 (NTN1), matrix metallopeptidase 9 
(MMP9), tumor necrosis factor superfamily member 11 (TN 
FSF11), ras homolog gene family member D (RHOD), and 
leucine rich repeat containing 49 (LRRC49). 
The invention also provides a method of diagnosing pros 

tate cancer in a male mammal by assaying for one or more 
methylated CpG islands that are indicative of prostate cancer. 
The method can include providing a biological sample from a 
Subject in need of cancer diagnosis and assaying the sample 
for methylation of a CpG island associated with at least one 
gene selected from the group consisting of NRG1, ADRB3, 
GFRA2, KIF13B, RET, GPR147, NEUROG3, PALD, 
HEMK1, FGF4, HTR1A, RNF180, ECOP, ZNF596, 
LOC441320, TDH, FLJ36980, EFHA2, ASAH1, NODAL, 
LOC399783, ISL2, MMP9, TNFSF11, RHOD, LRRC49, 
Kinesin family member C2 (KIFC2), chromosome 20 open 
reading frame 23 (Kinesin-like motor protein) (C20orf23), 
GDNF family receptor alpha 1 (GFRA1), Glutathione per 
oxidase 7 (GPX7), Dickkopf homolog 2 (DKK2), netrin 1 
(NTN1), Ras association (Ra1GDS/AF-6) domain family 5 
(RASSF5), and Hitra serine peptidase 4 (HTRA4). Option 
ally, the method of diagnosing prostate cancer can also 
include assaying for methylation of one or more CpG island 
associated with at least one gene that is known to be methy 
lated in prostate cancer but is known not to be detectably 
methylated or is methylated at a lower level (e.g., about 50% 
or less, about 40% or less, 30% or less, about 20% or less, or 
about 10% or less) in BPH. 
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The invention also provides methods of prognosticating 

cancer by assaying for the methylation of one or more genes 
that are indicative of the grade or stage of the cancer, and/or 
the length of disease-free survival following treatment for 
cancer. Generally, the method comprises providing a biologi 
cal sample from a subject in need of cancer prognosis and 
assaying the sample for methylation of a CpG island associ 
ated with at least one gene selected from the group consisting 
of NRG1 ADRB3, GFRA2, KIF13B, RET, GPR147, NEU 
ROG3, PALD, HEMK1, FGF4, HTR1A, RNF180, 
DKFZP5640822, ZNF596, LOC441320, TDH, FLJ36980, 
FGF20, EFHA2, ASAH1, NODAL, LOC399783, ISL2, 
KIFC2, C20orf23, GFRA1, GPX7, DKK2, NTN1, MMP9, 
TNFSF11, RHOD and LRRC49. 

Further provided by the invention is a method of prognos 
ticating prostate cancerina male mammal by assaying for one 
or more methylated CpG islands that are indicative of the 
grade or stage of prostate cancer, and/or the length of disease 
free survival following treatment of prostate cancer. The 
method comprises providing a biological sample from the 
male mammal and assaying the sample for methylation of a 
CpG island associated with at least one of the following 
genes: NRG1, ADRB3, GFRA2, KIF13B, RET, GPR147, 
NEUROG3, PALD, HEMK1, FGF4, GPR62, HTR1A, 
RNF180, DKFZP5640822, ZNF596, LOC441320, TDH, 
FLJ36980, FGF20, EFHA2, ASAH1, NODAL, LOC399783, 
ISL2, KIFC2, C20orf23, GFRA1, GPX7, DKK2, NTN1, 
RASSF5, HTRA4, MMP9, TNFSF11, RHOD or LRRC49. 
Optionally, the method of prognosticating prostate cancer can 
also include assaying the biological sample for methylation 
ofa CpG island associated with at least one gene that is known 
to be methylated in prostate cancer but is known not to be 
detectably methylated or is methylated at a lower level (e.g., 
about 50% or less, about 40% or less, 30% or less, about 20% 
or less, or about 10% or less) in BPH. Methylation of the CpG 
islands associated with the genes is indicative of the grade or 
stage of the cancer, and/or the length of disease-free Survival 
following treatment. 

Furthermore, the invention provides methods of assessing 
the efficacy of treatment of cancer by assaying for the reduced 
methylation of CpG islands that indicates efficacy of treat 
ment. Generally, the method comprises providing a first and a 
second biological sample from a Subject in need of assessing 
the efficacy of treatment of cancer and assaying the samples 
for a change in methylation level of a CpG island associated 
with at least one gene selected from the group consisting of 
NRG1, ADRB3, GFRA2, KIF13B, RET, GPR147, NEU 
ROG3, PALD, HEMK1, FGF4, HTR1A, RNF180, 
DKFZP5640822, ZNF596, LOC441320, TDH, FLJ36980, 
FGF20, EFHA2, ASAH1, NODAL, LOC399783, ISL2, 
KIFC2, C20orf23, GFRA1, GPX7, DKK2, NTN1, MMP9, 
TNFSF11, RHOD and LRRC49. The first biological sample 
is taken before the second biological sample, and the second 
biological sample is taken during or after a course of treat 
ment. A decrease or absence of methylation of the assayed 
one or more CpG islands in the second sample (i.e., following 
the course of treatment) indicates that the treatment is effec 
tive. Alternatively, the maintenance or increase of methyla 
tion in the assayed CpG islands in the second sample can 
indicate a reduction or absence of treatment efficacy. 

Also provided is a method of assessing the efficacy of 
treatment of prostate cancer in a male mammal by assaying 
biological samples, which are taken from the male mammal 
periodically during the course of treatment, for methylation 
of a CpG island and wherein a decrease or absence of methy 
lation of the CpG islands following the course of treatment 
indicates that the treatment is effective. The method com 
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prises (a) providing a first and a second biological sample 
from a subject undergoing a course of cancer treatment, 
wherein the first sample is taken at an earlier time than the 
second sample, and the second sample is taken during or 
following a course of treatment and (b) assaying the samples 
for methylation of a CpG island associated with at least one 
gene selected from the group consisting of NRG1, ADRB3, 
GFRA2, KIF13B, RET, GPR147, NEUROG3, PALD, 
HEMK1, FGF4, HTR1A, RNF180, DKFZP5640822, 
ZNF596, LOC441320, TDH, FLJ36980, FGF20, EFHA2, 
ASAH1, NODAL, LOC399783, ISL2, KIFC2, C20orf23, 
GFRA1, GPX7, DKK2, NTN1, RASSF5, HTRA4, MMP9, 
TNFSF11, RHOD and LRRC49. Optionally, this method can 
also include assaying the biological sample for methylation 
ofa CpG island associated with at least one gene that is known 
to be methylated in prostate cancer but is known not to be 
detectably methylated or is methylated at a lower level (e.g. 
about 50% or less, about 40% or less, 30% or less, about 20% 
or less, or about 10% or less in BPH. 

In preferred embodiments, the aforementioned methods of 
diagnosing, prognosticating and assessing the efficacy of 
treatment of cancer can further include assaying the biologi 
cal sample for methylation of multiple CpG islands, for 
example, CpG islands associated with two, three, four, five, 
six, seven, eight, nine, ten, eleven, or more genes. 

Additionally, the invention provides a terminator-coupled 
linear amplification method of determining the methylation 
status of a CpG island. Generally, the method includes pro 
viding a DNA sample for terminator-coupled linear amplifi 
cation and then incubating the DNA sample under deaminat 
ing conditions to thereby produce a deaminated DNA sample. 
Optionally, the deaminated DNA sample can be purified. The 
deaminated Sample is used as template to amplify a target 
sequence or target sequences that include one or more CpG 
islands or portions of one or more CpG islands thereby pro 
ducing one or more amplified target sequences. Optionally, 
the one or more amplified target sequences are purified. One 
or more sequences in the amplified target sequences are lin 
early amplified in the presence of a primer and a dideoxy 
nucleotide to generate one or more fragments of different 
lengths, wherein each length corresponds to the distance in 
bases from the 5' end of the primer to the position where the 
dideoxynucleotide is incorporated. Optionally, the one or 
more fragments is purified. The one or more fragments are 
analyzed to determine their lengths. The lengths of the frag 
ments can be used to determine the methylation status of 
methylated cytosines within the one or more amplified target 
Sequences. 
The invention also provides pairs of primers suitable for 

amplifying a CpG-island associated with genes described 
herein. Primers can include isolated or purified nucleic acid 
molecules Suitable for amplifying a CpG island containing 
target sequence. Target sequences can include genomic 
sequence that has been fully methylated and fully deaminated 
such as those in SEQID NO: 1, SEQID NO: 2, SEQID NO: 
3, SEQIDNO:4, SEQIDNO:5, SEQID NO: 6, SEQID NO: 
7, SEQID NO: 8, SEQID NO:9, SEQID NO: 10, SEQ ID 
NO: 11, SEQID NO: 12, SEQID NO: 13, SEQID NO: 14, 
SEQID NO: 15, SEQ ID NO: 16, SEQID NO: 17, SEQ ID 
NO: 18, SEQID NO: 19, SEQID NO: 20, SEQID NO. 23, 
SEQID NO: 24, SEQ ID NO: 25, SEQID NO: 26, SEQ ID 
NO: 27, SEQID NO: 28, SEQID NO: 29, SEQID NO:30, 
SEQID NO:33, SEQ ID NO:34, SEQID NO:35, SEQ ID 
NO:36, SEQID NO: SEQID NO:37, SEQID NO:38, SEQ 
IDNO:39, SEQID NO:40, SEQIDNO:41, SEQID NO:42, 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
SEQID NO:43, SEQID NO: 44, SEQID NO:49, SEQ ID 
NO:50, SEQID NO:51, SEQID NO:52, SEQID NO:53, 
and SEQID NO: 54. 

Exemplary primer pairs include SEQID NOs: 55 and 56, 
SEQID NOs: 57 and 58, SEQID NOs: 59 and 60, SEQ ID 
NOs: 61 AND 62, SEQID NOs: 63 and 64, SEQID NOs: 65 
and 66, SEQ ID NOs: 67 and 68, SEQ ID NOs: 69 and 70, 
SEQID NOs: 71 and 72, SEQID NOs: 73 and 74, SEQ ID 
NOs: 77 and 78, SEQID NOs: 79 and 80, SEQID NOs: 81 
and 82, SEQ ID NOs: 83 and 84, SEQ ID NOs: 87 and 88, 
SEQID NOs: 89 and 90, SEQID NOs: 91 and 92, SEQ ID 
NOs: 93 and 94, SEQID NOs: 95 and 96, SEQID NOs: 97 
and 98, SEQ ID NOs: 103 and 104, SEQ ID NOs: 105 and 
106, SEQID NOs: 107 and 108, SEQID NOs: 109 and 110, 
SEQID NOs: 111 and 112, SEQID NOs: 113 and 114, SEQ 
ID NOs: 115 and 116, SEQID NOs: 117 and 118, SEQ ID 
NOs: 199 and 200, SEQID NOs: 201 and 202, SEQID NOs: 
203 and 204, SEQID NOs: 205 and 206, SEQID NOs: 207 
and 208, SEQ ID NOs: 209 and 210, SEQID NOs: 211 and 
212, SEQID NOs: 213 and 214, SEQID NOs: 215 and 216, 
SEQID NOs: 217 and 218, SEQID NOs: 219 and 220, SEQ 
ID NOs: 221 and 222, SEQID NOs: 224 and 225, SEQ ID 
NOs: 227 and 228, SEQID NOs: 227 and 228, SEQID NOs: 
230 and 231. 

Also provided are kits that include one or more of the 
aforementioned pairs of primers. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A-1DD set forth the nucleotide sequences for SEQ 
ID NOs: 1-54. Sequences are presented in accordance with 
convention from left to right and top to bottom. 

FIGS. 2A-2KK set forth the nucleotide sequences for SEQ 
ID NOs: 119-198. Sequences are presented in accordance 
with convention from left to right and top to bottom. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention provides a method of diagnosing cancer by 
assaying for the methylation of one or more CpG islands that 
are indicative of cancer. Cancer can include, for example, 
lung, liver, pancreas, head and neck, throat, thyroid, esopha 
gus, brain, ovarian, kidney, skin, colorectal, and hematopoei 
etic (e.g., lymphomas and leukemic) cancer. Generally, the 
method comprises providing a biological sample from a Sub 
ject in need of cancer diagnosis and assaying the sample for 
methylation of a CpG island associated with at least one gene 
selected from the group consisting of NRG1, ADRB3, 
GFRA2, KIF13B, RET, GPR147, NEUROG3, PALD, 
HEMK1, FGF4, HTR1A, RNF180, DKFZP5640822, 
ZNF596, LOC441320, TDH, FLJ36980, FGF20, EFHA2, 
ASAH1, NODAL, LOC399783, ISL2, KIFC2, C20orf23, 
GFRA1, GPX7, DKK2, NTN1, MMP9, TNFSF11, RHOD or 
LRRC49. In preferred embodiments, the method can include 
assaying for methylation of CpG islands associated with two, 
three, four, five, six, seven, eight, nine, ten, eleven, or more of 
the foregoing genes. Methylation of the CpG islands associ 
ated with these genes is indicative of cancer. 
The invention further provides a method of diagnosing 

prostate cancer by assaying for the methylation of one or 
more CpG islands that are indicative of prostate cancer in a 
male mammal. In one embodiment, the method comprises 
providing a biological sample from a male mammal in need of 
cancer diagnosis and assaying the sample for methylation of 
a CpG island associated with at least one gene selected from 
the group consisting of NRG1, ADRB3, GFRA2, KIF13B, 
RET, GPR147, NEUROG3, PALD, HEMK1, FGF4, 
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HTR1A, RNF180, DKFZP5640822, ZNF596, LOC441320, 
TDH, FLJ36980, FGF20, EFHA2, ASAH1, NODAL, 
LOC399783, KIFC2, C20orf23, GFRA1, GPX7, DKK2, 
NTN1, HTRA4, MMP9, TNFSF11, RHOD and LRRC49. 
For example, the method of diagnosing prostate cancer 
includes assaying the biological sample for methylation of a 
CpG island associated with NRG1, KIF13B, or both. In 
another example, the method includes assaying for methyla 
tion of a CpG island associated with at least one gene selected 
from the group consisting of TDH, ASAH1, FGF20, 
HEMK1, PALD NEUROG, EFHA2, KIFC2, GFRA1, 
DKK2, TNFSF11, NTN1, and RHOD. In preferred embodi 
ments, the method of diagnosing prostate cancer can include 
assaying for methylation of CpG islands associated with two, 
three, four, five, six, seven, eight, nine, ten, eleven, or more of 
the foregoing genes. Methylation of the CpG islands associ 
ated with these genes is indicative of cancer. 
The foregoing method of diagnosing prostate cancer can 

optionally include, in combination with assaying for methy 
lation of CpG islands associated with the foregoing genes, 
further assaying the biological sample for methylation of a 
CpG island associated with at least one gene that is known to 
be (i) methylated in prostate cancer and (ii) not detectably 
methylated or methylated at a lower level (e.g., about 50% or 
less, about 40% or less, about 30% or less, about 20% or less, 
or less than about 10%) in BPH. In this regard, when the 
method includes assaying for at least one CpG island that is 
known to be methylated in prostate cancer but is known not to 
be detectably methylated or methylated at a lower level in 
BPH, the method preferably includes assaying the biological 
sample for methylation of CpG islands associated with at 
least three different genes. Examples of CpG islands known 
to be methylated in prostate cancer but not detectably methy 
lated or methylated at a lower level in BPH include CpG 
islands associated with glutathione S-transferase P1 
(GSTP1), glutathione peroxidase 3 (GPX3), glutathione 
S-transferase M1 (GSTM1), glutathione S-transferase M4 
(GSTM4), Cub and Sushi multiple domains 1 (CSMD1), 
tumor necrosis factor receptor superfamily member 10A 
(TNFRSF 10A) tumor necrosis factor receptor superfamily 
member 10B (TNFRSF10B), tumor necrosis factor receptor 
superfamily member 10C (TNFRSF10C), tumor necrosis 
factor receptor superfamily 10D (TNFRSF10D), secreted 
frizzled-related protein 1 (SFRP1), secreted frizzled-related 
protein 2 (SFRP2), dickkopfhomolog3 (DKK3), prostaglan 
din-endoperoxide synthase 2 (PTGS2), cyclin-dependent 
kinase inhibitor 1C (CDKN1C/p57), Ras association 
(Ra1GDS/AF-6) domain family 1 (RASSF1), and G-protein 
coupled receptor 62 (GPR62). 
The invention also provides a method of prognosticating 

cancer by assaying for the methylation of one or more genes 
that are indicative of the grade or stage of the cancer, and/or 
the length of disease-free survival following treatment for 
cancer. Generally, the method comprises providing a biologi 
cal sample from a subject in need of cancer prognosis and 
assaying the sample for methylation of a CpG island associ 
ated with at least one gene selected from the group consisting 
of NRG1 ADRB3, GFRA2, KIF13B, RET, GPR147, NEU 
ROG3, PALD, HEMK1, FGF4, HTR1A, RNF180, 
DKFZP5640822, ZNF596, LOC441320, TDH, F1136980, 
FGF20, EFHA2, ASAH1, NODAL, LOC399783, ISL2, 
KIFC2, C20orf23, GFRA1, GPX7, DKK2, NTN1, MMP9, 
TNFSF11, RHOD and LRRC49. In preferred embodiments, 
the method can include assaying for methylation of CpG 
islands associated with two, three, four, five, six, seven, eight, 
nine, ten, eleven, or more of the foregoing genes. Methylation 
of the CpG islands associated with these genes is indicative of 
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8 
the grade or stage of the cancer, and/or the length of disease 
free survival following treatment for cancer. 
The invention also provides a method of prognosticating 

prostate cancer in a male mammal by assaying for the methy 
lation of one or more CpG islands that are indicative of the 
grade or stage of the prostate cancer, and/or the length of 
disease-free Survival following treatment for prostate cancer. 
In one embodiment, the method comprises assaying a bio 
logical sample from the male mammal for methylation of a 
CpG island associated with at least one of the following 
genes: NRG1, ADRB3, GFRA2, KIF13B, RET, GPR147, 
NEUROG3, PALD, HEMK1, FGF4, HTRIA, RNF180, 
DKFZP5640822, ZNF596, LOC441320, TDH, F1136980, 
FGF20, EFHA2, ASAH1, NODAL, LOC399783, or ISL2. In 
addition to or instead of the foregoing, the method can include 
assaying the biological sample for methylation of a CpG 
island associated with at least one of the following genes: 
KIFC2, C20orf23, GFRA1, GPX7, DKK2, NTN1, RASSF5, 
HTRA4, MMP9, TNFSF11, RHOD or LRRC49. For 
example, the method of diagnosing prostate cancer includes 
assaying the biological sample for methylation of a CpG 
island associated with NRG1, KIF13B, or both. In another 
example, the method includes assaying for at least one of the 
following genes: TDH, ASAH1, FGF20, HEMK1, PALD 
NEUROG, EFHA2, KIFC2, GFRA1, DKK2, TNFSF11, 
NTN1, or RHOD. In preferred embodiments, the method of 
diagnosing prostate can include assaying for methylation of 
CpG islands associated with two, three, four, five, six, seven, 
eight, nine, ten, eleven, or more of the foregoing genes. 
Methylation of the CpG islands associated with these genes is 
indicative of the grade or stage of prostate cancer, and/or the 
length of disease-free survival following treatment for pros 
tate Cancer. 
The foregoing method of prognosticating prostate cancer 

can optionally include, in combination with assaying for 
methylation of CpG islands associated with the foregoing 
genes, further assaying the biological sample for methylation 
ofa CpG island associated with at least one gene that is known 
to be (i) methylated in prostate cancer and (ii) not detectably 
methylated or methylated at a lower level (e.g., about 50% or 
less, about 40% or less, about 30% or less, about 20% or less, 
or less than about 10%) in BPH. Percent methylation level in 
BPH refers to the percent of patients that exhibit some detect 
able level of methylation at that locus. In this regard, when the 
method includes assaying for methylation of at least one CpG 
island that is known to be methylated in prostate cancer but is 
known not to be detectably methylated or is methylated at a 
lower level in BPH, the method preferably includes assaying 
the biological sample for methylation of CpG islands associ 
ated with at least three different genes. Examples of CpG 
islands known to be methylated in prostate cancer but not 
detectably methylated or methylated at a lower level in BPH 
include CpG islands associated with GSTP1, GPX3, 
GSTM1, GSTM4, CSMD1, TNFRSF 10A, TNFRSF10B, 
TNFRSF10C, TNFRSF10D, SFRP1, SFRP2, DKK3, 
PTGS2, CDKN1C/p57, RASSF1, and GPR62. Methylation 
of CpG islands associated with the genes is indicative of the 
grade or stage of the prostate cancer, and/or the length of 
disease-free Survival following treatment for prostate cancer. 

Obtaining information about the aggressiveness of the can 
cer, its grade, and its stage is helpful when choosing a course 
of treatment. The patterns of CpG methylation may be corre 
lated to the pathological stage and grade of the tumor. For 
example, in prostate cancer, patterns of CpG methylation may 
be correlated to the Gleason score of the primary tumor. The 
molecular information derived from CpG methylation may 
also be correlated to the likelihood of survival and the length 
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of disease-free survival following treatment. The above prog 
nostic methods can enable the prediction of the course of the 
cancer, as well as the prediction of the best approach to 
treatment. 

Also provided are methods of assessing the efficacy of 
treatment of cancer by assaying for the reduced methylation 
of CpG islands that indicates efficacy of treatment. Generally, 
the method comprises providing a first and a second biologi 
cal sample from a Subject in need of assessing the efficacy of 
treatment of cancer and assaying the samples for a change in 
methylation level of a CpG island associated with at least one 
gene selected from the group consisting of NRG1, ADRB3, 
GFRA2, KIF13B, RET, GPR147, NEUROG3, PALD, 
HEMK1, FGF4, HTR1A, RNF180, DKFZP5640822, 
ZNF596, LOC441320, TDH, F1136980, FGF20, EFHA2, 
ASAH1, NODAL, LOC399783, ISL2, KIFC2, C20orf23, 
GFRA1, GPX7, DKK2, NTN1, MMP9, TNFSF11, RHOD 
and LRRC49. Generally, the first biological sample is taken 
(e.g., prior to commencing treatment or during treatment) 
before the second biological sample, and the second biologi 
cal sample is taken after a course of treatment. In preferred 
embodiments, the method includes assaying for a change in 
methylation of CpG islands associated with two, three, four, 
five, six, seven, eight, nine, ten, eleven, or more of the fore 
going genes. A decrease or absence of methylation of the 
assayed one or more CpG islands in the second sample (i.e., 
following the course of treatment) indicates that the treatment 
is effective. Alternatively, the maintenance or increase of 
methylation in the assayed CpG islands in the second sample 
can indicate a reduction or absence of treatment efficacy. 
The invention provides a method of assessing the efficacy 

of treatment of prostate cancer in a male mammal by assaying 
for the reduced methylation of CpG islands that indicate 
efficacy of treatment of prostate cancer. In one embodiment, 
the method comprises assaying biological samples, which are 
taken from the male mammal periodically during the course 
of treatment, for methylation of a CpG island associated with 
at least one gene selected from the group consisting of 
NRG1, ADRB3, GFRA2, KIF13B, RET, GPR147, NEU 
ROG3, PALD, HEMK1, FGF4, HTR1A, RNF180, 
DKFZP5640822, ZNF596, LOC441320, TDH, F1136980, 
FGF20, EFHA2, ASAH1, NODAL, LOC399783, and ISL2. 
In addition to or instead of the foregoing, the method can 
include assaying the biological samples for methylation of a 
CpG island associated with at least one gene selected from the 
group consisting of: KIFC2, C20orf23, GFRA1, GPX7. 
DKK2, NTN1, RASSF5, HTRA4, MMP9, TNFSF11, 
RHOD and LRRC49. For example, the method of assessing 
the efficacy of treatment of prostate cancer includes assaying 
the biological sample for methylation of a CpG island asso 
ciated with NRG1, KIF13B, or both. In another example, the 
method includes assaying for a CpG island associated with at 
least one gene selected from the group consisting of TDH. 
ASAH1, FGF20, HEMK1, PALD NEUROG, EFHA2, 
KIFC2, GFRA1, DKK2, TNFSF11, NTN1, and RHOD. In 
preferred embodiments, the method can include assaying for 
methylation of CpG islands associated with two, three, four, 
five, six, seven, eight, nine, ten, eleven, or more of the fore 
going genes. Generally, the assayed biological samples in the 
method include a first and a second biological sample. The 
first biological sample can be taken, for example, prior to 
commencing treatment or during treatment, though in any 
event prior to taking the second biological sample. The sec 
ond biological sample is taken during or after a course of 
treatment. A decrease or absence of methylation of the 
assayed one or more CpG islands in the second sample (i.e., 
following the course of treatment) as compared to the first 
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10 
sample indicates that the treatment is effective. Alternatively, 
the maintenance or increase of methylation in the assayed 
CpG islands in the second sample as compared to the first 
sample can indicate a reduction in or absence of treatment 
efficacy. 
The foregoing method of assessing the efficacy of prostate 

cancer treatment can optionally include, in combination with 
assaying for methylation of CpG islands associated with the 
foregoing genes, further assaying the biological sample for 
reduced methylation of a CpG island associated with at least 
one gene that is known to be (i) methylated in prostate cancer 
and (ii) not detectably methylated or methylated at a lower 
level (e.g., about 50% or less, about 40% or less, about 30% 
or less, about 20% or less, or less than about 10%) in BPH. In 
this regard, when the method includes assaying the biological 
samples for methylation of at least one CpG island that is 
known to be methylated in prostate cancer but known not to 
be detectably methylated or methylated at a lower level in 
BPH, the method preferably includes assaying for methyla 
tion of CpG islands associated with at least three different 
genes. Examples of CpG islands known not to be methylated 
in prostate cancer but not detectably methylated or methy 
lated at a lower level in BPH include GSTP1, GPX3, GSTM1, 
GSTM4, CSMD1, TNFRSF 10A, TNFRSF10B, 
TNFRSF10C, TNFRSF10D, SFRP1, SFRP2, DKK3, 
PTGS2, CDKN1C/p57, RASSF1, and GPR62. A decrease or 
absence of methylation of the CpG islands associated with the 
assayed genes in the second sample as compared to the first 
sample following some or all of the course of treatment indi 
cates that the treatment is effective. Alternatively, the main 
tenance or increase of methylation in the assayed CpG islands 
in the second sample as compared to the first sample can 
indicate a reduction or absence of treatment efficacy. 
CpG islands (Bird, Nature 321: 209-213 (1986); and Gar 

diner-Garden et al., J. Molec. Biol. 196: 261-282 (1987)) 
comprise about 1% of vertebrate genomes and account for 
about 15% of the total number of CpG dinucleotides. CpG 
islands typically are between about 0.2 and about 2.0 kb in 
length. They can be located upstream of (e.g., in a promoter or 
enhancer region) of the coding sequence of the associated 
genes or they may also extend into or be found within gene 
coding regions of their associated genes. A gene-coding 
region can include exons and introns. Use of the phrase “asso 
ciated with to describe a CpG island's relation to a gene, is 
intended to encompass CpG islands that are upstream of gene 
coding sequences as well as internal CpG islands. For 
example, the CpG island associated with the RET gene is 
internal and not expected to affect the expression of the RET 
gene when methylated. Some CpG islands are associated with 
the promoter of two genes and it can affect the expression of 
both genes. CpGs were labeled based on their location with 
respect to the nearest gene. In some cases, a CpG island may 
be located near the promoter of two different genes and may 
in this case influence the expression of both genes. In Such 
case, the CpG island was named after one of the genes. For 
example, the LRRC49 CpG island is also associated with the 
THAP domain containing 10 (THAP10) gene. A CpG island 
can also be associated with a pseudogene or be located in a 
genomic region that includes no known genes or pseudo 
genes. The CpG island can still be of interest so long as its 
methylation status correlates with a disease status. 
A CpG island can be separated by up to 25 kilobases (kb) 

(e.g., up to 20 kb, up to 19 kb, up to 18, kb, up to 17 kb, up to 
16 kb, up to 15 kb, up to 10 kb, up to 9 kb, up to 8 kb, up to 7 
kb, up to 6 kb, up to 5 kb, up to 4 kb, up to 3 kb, up to 2 kb, or 
up to 1 kb) from the transcription start site for the nearest gene 
and still be considered “associated with the gene. Preferably, 
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CpG islands associated with at least three genes are assayed. 
However, CpG islands associated with 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 
even more genes can be assayed. 

Methods of identifying CpG islands have been described 
(e.g., Takai et al., Proc. Natl. Assoc.Sci. USA,99:3740-3745 
(2002)). For example, genomic sequences can be analyzed to 
identify segments containing CpG islands that are at least 200 
bp in length, have at least a 60% GC content, and contain at 
least 7% CpG dinucleotides. Preferred sequences are at least 
250 bp in length, are at least 60% GC rich, and contain at least 
7% CpG dinucleotides. Moreover, undesirable highly repeti 
tive sequences can be screened out using a repeat masker that 
filters out sequences. Desirable sequences contain less than 
50% repeats (i.e., a sequence of reduced complexity or a 
sequence that is presentat multiple genomic locations) within 
the length of the identified CpG island. Preferably, the CpG 
island is no more than 45%, 40%, 35%, 30%, 25%, 20%, 
19%. 18%, 17%, 16%, 15%, 14%, 13%, 12%, or 11% repeti 
tive. Most desirable sequences are no more than 10% repeti 
tive. Examples of repetitive sequences are available, for 
example, at the web site for National Center for Biotechnol 
ogy Information (NCBI). 

“Biological sample' is intended to encompass any Suitable 
sample that enables accurate assay of CpG island methyla 
tion. Examples of suitable biological samples include, but are 
not limited to, whole blood, blood plasma, blood serum, 
urine, saliva, cells (e.g., cells obtained from blood, Such as 
epithelial cells), and tissue. Such samples are obtained in 
accordance with methods known in the art. When the biologi 
cal sample is whole blood, blood plasma, or urine, preferably, 
CpG islands associated with more than three genes are 
assayed. 
A CpG island is “not detectably methylated when it is not 

methylated or it is methylated at a level below the level of 
sensitivity of the assay method employed. 

"Noncancerous tissue can be benign or normal. Alterna 
tively, but not preferably, the tissue can be diseased, as long as 
it is not cancerous. 

Methods of assaying methylation of CpG islands are 
known in the art and include, for example, restriction 
enzyme-based technology, such as one that employs diges 
tion with a methylation-sensitive restriction endonuclease 
coupled with Southern blot analysis, methylation-sensitive 
enzymes and polymerase chain reaction (PCR). Such as 
methylation-sensitive arbitrarily primed PCR (AP-PCR; see, 
e.g., Gonzalgo et al., Cancer Res., 57: 594-599 (1997)), 
restriction landmark genomic scanning (RLGS. See, e.g., 
Plass et al., Genomic 58: 254-262 (1999)), methylated CpG 
island amplification (MCA: See, e.g., Toyota et al., Cancer 
Res., 59:23.07-2312 (1999)), differential methylation hybrid 
ization (DMH; see, e.g., Huang et al., Human Mol. Genet., 8: 
459-470 (1999)), and Not I-based differential methylation 
hybridization (see, e.g., International Patent Publication No. 
WO 02/086163). Other methods are described in U.S. Pat. 
App. Pub. No. 2003/0170684 and International Patent Publi 
cation No. WO 04/05122. 

Alternatively, cytosine conversion-based technology can 
be used. Such technology relies on methylation status-depen 
dent chemical modification of CpG islands (i.e., deamination 
of unmethylated cytosines in CpG islands) within isolated 
genomic DNA or fragments thereof followed by DNA 
sequence analysis. Such methods employ reagents like hydra 
zine and bisulfite. Bisulfite treatment followed by alkaline 
hydrolysis is described by Olek et al., Nucl. Acids Res., 24: 
5064-5066 (1996); and Frommeret al., PNAS USA, 89:1827 
1831 (1992). The use of methylation-sensitive primers to 
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assay methylation of CpG islands in isolated genomic DNA is 
described by Herman et al., PNAS USA, 93:9821-9826 
(1996), and in U.S. Pat. Nos. 5,786,146 and 6,265,171. 
Bisulfite-treated DNA can be subsequently analyzed by con 
ventional molecular techniques, such as PCR amplification, 
fluorescence-based, real-time PCR (see, e.g., Eads et al., Can 
cer Res., 59: 2302-2306 (1999); Heidet al., Genome Res., 6: 
986-994 (1996); and U.S. Pat. No. 6,331,393), sequencing, 
oligonucleotide hybridization detection, and methylation 
sensitive single nucleotide primer extension (Ms-SNuPE; 
see, e.g., Gonzalgo et al., Nucl. Acids Res., 25: 2529-2531 
(1997); and U.S. Pat. No. 6,251.594). 
A preferred method of assaying for methylation of a CpG 

island includes isolating genomic DNA (and/or fragments 
thereof) from a biological sample, treating the DNA under 
deaminating conditions that convert unmethylated cytosines 
to uracil, using the treated DNA as a template in a PCR 
reaction to amplify a target sequence that includes the CpG 
island of interest, thereby producing an amplified sequence. 
Unmethylated cytosines in the target sequence, which are 
converted to uracils by the deaminating treatment, are ampli 
fied as thymines in the corresponding position of the ampli 
fied sequence. Since the sequence of the forward and the 
reverse strand of the CpG island lose their complimentarity 
after the deamination reaction, the methylation status of the 
CpG island can be determined by assaying one or both of the 
original Strands by utilizing primers capable of annealing to 
the strand of interest. 
The deamination reaction may not proceed to completion, 

which results in false positives. For example, deamination of 
DNA sequences using bisulfite salt is sensitive to the purity of 
the DNA, length of incubation, and the secondary structure of 
the denatured templates. Quantitative PCR methods can be 
used to assay for the efficiency of deamination. However, 
quantitative PCR methods are limited to assaying the conver 
sion status within the sites where the primers and probes 
anneal to the template. 

Quantitative PCR methods are also limited to assaying for 
the methylation of cytosines within the sites where the prim 
ers and probes anneal to the template. The primers and the 
probe only anneal efficiently to the templates that are fully 
converted and contain methylation at the appropriate cytosine 
nucleotides. Thus, they fail to provide methylation informa 
tion for CpG dinucleotides that are not assayed for. The CpG 
islands may also be analyzed using direct sequencing follow 
ing the deamination treatment. However, due to the hetero 
geneity of the methylation pattern withina CpG island and the 
presence of homopolymeric stretches within the sequence, 
direct sequencing of CpG islands can yield a sequencing 
pattern that is too noisy and complex for the available 
sequencing Software. 
To overcome these disadvantages and to minimize the 

overall cost of analysis for a clinical test, we developed a 
method to analyze the amplified sequences by termination 
coupled linear amplification. The DNA is linearly amplified 
using a forward or a reverse primer in the presence of dNTPs 
and one or two dideoxynucleotides such as dideoxycytidine 
or dideoxyguanine. The amplified sequence can, optionally, 
be analyzed using only thymine and/or cytosine terminators 
when assaying for a methylated CpG dinucleotide (or adenine 
and/or guanine terminators when analyzing the amplified 
strand opposite to the CpG dinucleotide of interest) to make 
extension reaction products that terminate at thymines and/or 
cytosines nucleotides (or at guanine and/or adenine when 
assaying the opposite strand). The amplification reaction 
results in the generation of fragments with multiple lengths, 
each length of which corresponds to the distance in bases 
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between the primer used for amplification and the position 
within the target sequence of a nucleotide that is complemen 
tary to the dideoxynucleotide added to the amplification reac 
tion. Such amplification can result in the generation of 10 to 
20 fragments from an average CpG island-containing ampli 
con of 100 to 150 bp. The extension products can be separated 
by size on an acrylamide gel and compared to (a) a size 
standard and/or (b) by comparing the fragments to those 
generated when fully unmethylated (PCR generated template 
or clones in E. coli) or fully methylated (enzymatically 
methylated in vitro) template to thereby determine the pres 
ence of cytosine (or guanine on the opposite strand) or the 
presence of thymine (or adenine on the opposite strand) in the 
amplified CpG island-containing sequence. When bisulfite is 
used as the deaminating agent, the amplified sequence may 
contain large stretches of thymine or adenine which may 
result in additional fragments due to the DNA polymerase 
slippage during amplification. Such “stutter patterns may be 
minimized by selectively analyzing segments of the CpG 
islands that have shorter homopolymeric sequences. Stutter 
fragments can also be identified by analyzing the control 
templates. 
When a fluoresent label is used to tag the primers or the 

dideoxynucleotides used in the terminator-coupled linear 
amplification, the resulting fragments may be analyzed using 
automated sequencing machines and Software designed for 
determining the size of DNA fragments. In this regard, com 
mercially available software such as GENESCAN (Applied 
Biosystems, Foster City, Calif.) and GENEMAPPER (Ap 
plied Biosystems) are trained to recognize and account for 
Stutter patterns due to DNA polymerase slippage during the 
amplification of microsatellite repeats. Such software may 
also be used to account for the stutter pattern that is observed 
when amplifying homopolymeric stretches of DNA, as might 
be seen after bisulfite conversion of CpG islands. There area 
number of fluorescent dyes available for the automated analy 
sis of DNA such as but not limited to 6-carboxyfluorescein 
(6-FAM), Hexachlorofluorescein (HEX), VIC dye, 5-carbox 
ytetramethylrhodamine (TAMRA), 5-carboxy-X- 
rhodamine, succinimidyl ester (5-ROX), 6-carboxy-2',4,7,7- 
tetrachlorofluorescein (TET). The methods and equipment to 
determine amplicon size have been available for over a 
decade and in use for genetic linkage mapping, DNA identity, 
and forensic. For example, Applied Biosystems has a set of 5 
dyes that can be used to multiplex fragments from 4 separate 
amplification reaction and one standard for use in linkage 
mapping on the ABI sequencers. Four different CpG islands 
from a single individual can be linearly amplified using fluo 
rescently tagged primers, and the products pooled before 
analysis. Alternatively, different CpG islands from different 
individuals can be linearly amplified using fluorescently 
tagged primers, and the products pooled before analysis. 

Since methylation of a particular CpG dinucleotide is not 
always complete in a sample, i.e., the CpG sequence is het 
erogenous, the methods provided herein can be advanta 
geously used to analyze the extent of or percent methylation 
of a particular CpG dinucleotide site within a sample. In a 
preferred method, two different fluorescent-dye terminators 
are used for thymine and cytosine, respectively (or adenine 
and guanine, respectively, when analyzing the opposite 
Strand) in a fluorescent dideoxy sequencing reaction. The 
relative abundance of the two dyes in Same-size extension 
products are indicative of the relative abundance of the two 
nucleotides at a particular sequence position, and can thereby 
indicate the percent methylation of a particular CpG dinucle 
otide site within a CpG island. To determine the expected 
relative abundance of the two dyes, control reactions with a 
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range of known ratios of fully methylated to fully unmethly 
lated templates can be used. The data obtained from the 
control reactions can be used as a reference to estimate rela 
tive abundance of methylated and unmethylated cytosines in 
a sample. 
The levels of methylation or patterns of methylation at 

given CpG islands can be assayed as appropriate. The assay 
can employ the use of a reference standard when appropriate 
to enable the determination of abnormal methylation. A ref 
erence standard can be determined based on reference 
samples obtained from age-matched noncancerous classes of 
adjacent tissues, and with normal peripheral blood lympho 
cytes. When, for example, efficacy of treatment is being 
assessed, the assay results of biological samples taken over 
the course of treatment can be compared without the use of a 
reference standard. 
When the DNA obtained from a biological sample is in 

limited quantities and is not sufficient for the analysis of 
multiple markers, the methods described herein can include 
amplifying the DNA from the sample. Amplification can be 
done using PCR amplification or isothermal amplification 
methods, for example, those described in U.S. Pat. Nos. 
5,854,033: 6,124,120; 6,143,495; 6,210,884; 6,642,034; 
6,280.949; 6,632,609; and 6,642,034; and U.S. Pat. App. Pub. 
Nos. 2003/0032024; 2003/0143536; 2003/023.5849; 2004/ 
0063144; and 2004/0265897, which are incorporated herein 
by reference in their entirety. Isothermal amplification can 
include rolling circle or strand displacement amplification. 
Methods that combine PCR and isothermal amplification 
have also been described (U.S. Pat. Nos. 6,777, 187; and 
6,828,098; and U.S. Pat. App. Pub. Nos. 2004/0209298; 
2005/0032104; and 2006/0068394, each of which is incorpo 
rated herein by reference in its entirety). U.S. Pat. App. Pub. 
No. 2005/0202490, which is incorporated herein by reference 
in its entirety, describes the use of such methods in combina 
tion with methylation-sensitive restriction enzymes to study 
the methylation pattern of DNA. DNA amplification can also 
include methylation-coupled whole genomic amplification to 
generate the DNA needed, such as described in U.S. Pat. App. 
Pub. No. 2006/0257905, which is incorporated by reference 
herein in its entirety. The methylation-coupled whole 
genomic amplification can be especially advantageous when 
DNA is recovered from minute biological samples or from 
bodily fluids such as urine or plasma. 

Skilled artisans will appreciate that the various amplifica 
tion methods described herein, e.g., the PCR amplification, 
isothermal amplification, and termination-coupled linear 
amplification method, can employ nucleotides, nucleotide 
analogues, nucleotide or nucleotide analogue derivatives, 
and/or combinations thereof. 

If desired, mRNA and protein levels can be assayed, and 
alterations in their expression levels can be indicative of a 
change in the level of methylation or the patterns of methy 
lation at given CpG islands. Such methods of assaying mRNA 
and protein levels are also within the skill in the art. For 
example, the mRNA assay methods described in U.S. Provi 
sional Patent Application No. 60/705.964 filed on Aug. 5, 
2005 and International Patent Publication No. WO 2007/ 
019444, which are hereby incorporated by reference, can be 
used. Such methods are particularly useful if a degraded 
tissue sample is used as the biological sample. Alternatively, 
reverse transcription with gene-specific primers can be used 
to assay mRNA levels. Proteins levels can be assayed, for 
example, using antibody and staining techniques. 

It is important to note that even though aberrant methyla 
tion of a CpG island can affect expression of the associated 
gene, the methods described herein are not dependent on a 



US 8,546,078 B2 
15 

biological role for the hypermethylation. That is a hyperm 
ethylated CpG island can be useful in the methods of the 
invention regardless of its effect on gene expression. Accord 
ingly, the only requirement is that there be a correlation 
between the methylated state of a CpG island and the pres 
ence of cancer. 
The invention further provides target sequences and corre 

sponding primers or probes that are useful in the above meth 
ods. The target sequences provide the context for the selection 
of CpG islands to assay for methylation. If a given target 
sequence contains more than one CpG island, all or less than 
all of the CpG islands, even one CpG dinucleotide, can be 
assayed for methylation with respect to that particular target 
sequence. In this regard, a target sequence can include a 
genomic sequence that is fully methylated and fully deami 
nated such as SEQID NO: 1 or 2 NRG1), SEQID NO:3 or 
4 ADRB3, SEQID NO: 5 or 6 (GFRA2), SEQID NO: 7 or 
8 KIF13B), SEQID NO:9 or 10 RET, SEQID NO: 11 or 
12 GPR147), SEQID NO: 13 or 14 NEUROG3), SEQID 
NO: 15 or 16 PALD), SEQID NO: 17 or 18 HEMK1, SEQ 
ID NO: 19 or 20 FGF4), SEQID NO: 23 or 24 HTR1A, 
SEQ ID NO: 25 or 26 RNF180), SEQ ID NO: 27 or 28 
(ECOP), SEQID NO: 29 or 30 ZNF596), ID NO:33 or 34 
LOC441320), SEQID NO:35 or 36TDH), SEQID NO:37 
or 38 FLJ36980, SEQID NO:39 or 40 FGF20), SEQ ID 
NO:41 or 42 EFHA2), SEQID NO:43 or 44 ASAH1, SEQ 
ID NO: 45 or 46 SEQID NO: 49 or 50 NODAL), SEQ ID 
NO:51 or 52 LOC399783), SEQID NO. 53 or 54 ISL2). 
These fully methylated and deaminated sequences are used 
for illustrative purposed and do not exclude the use of par 
tially methylated and deaminated sequences in the methods 
of the invention. A target sequence can include a genomic 
sequence that is partially methylated. Such as in DNA 
obtained from a tumor, and then deaminated Such that the 
target differs from the sequence listed above. Persons of skill 
in the art will appreciate that a target sequence that includes a 
partially methylated and deaminated CpG island will result in 
a population of DNA molecules that differ at one or more 
positions that correspond to the cytosine residues in one or 
more CpG dinucleotides. Thus, a target sequence can include 
a variety of partially methylated and deaminated sequences 
based on the following genomic sequences SEQID NOs: 119 
or 220 KIFC2), SEQID NOs: 121 or 122 C200RF23), SEQ 
ID NOs: 123 or 124 GFRA1), SEQ ID NOs: 129 or 130 
DKK2, SEQID NOs: 133 or 134 RASSF5, SEQID NOs: 
135 or 136 INTN1), SEQ ID NOs: 139 or 140 GPR147), 
SEQID NOs: 141 or 142 NEUROG3), SEQID NOs: 143 or 
144 NODAL), SEQ ID NOs: 145 or 146 PALD), SEQID 
NOs: 147 or 148 LOC399783), SEQ ID NOs: 151 or 152 
LOC441320), SEQID NOs: 153 or 154 ZNF596), SEQID 
NOs: 155 or 156TDH), SEQID NOs: 157 or 158ASAH1, 
SEQID NOs: 159 or 160 FGF20), SEQID NOs: 161 or 162 
FLJ36980, SEQ ID NOs: 163 or 164 GFRA2), SEQ ID 
NOs: 165 or 166 EFHA2), SEQ ID NOs: 171 or 172 
KIF13B), SEQID NOs: 173 or 174 ADRB3, SEQID NOs: 
175 or 176 NRG1), SEQID NOs: 177 or 178ECOP), SEQ 
ID NOs: 179 or 180 HTR1A), SEQ ID NOs: 181 or 182 
|ISL2), SEQ ID NOs: 183 or 184 LOC285671, SEQ ID 
NOs: 185 or 186 IFGF4), SEQ ID NOs: 189 or 190, 
HEMK1, SEQID NOs: 191 or 192 RET SEQ ID NOs: 
193 or 194 HTRA4, SEQ ID NO: 195 RHOD, SEQ ID 
NO: 196TNFSF11), SEQIDNO: 197MMP9), and SEQID 
NO: 198 LRRC49. 

These targets can be used in combination with known 
targets (for example known CpG islands associated with 
GSTP1, GPX3, GSTM1, GSTM4, CSMD1, TNFRSF10A, 
TNFRSF10B, TNFRSF10C, TNFRSF10D, SFRP1, SFRP2, 
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DKK3, PTGS2, CDKN1C/p57, RASSF1, and GPR62. For 
example, fully methylated and deaminated sequences for 
some of these genes are provided in SEQID NO: 31 or 32 
CSMD1, SEQ ID NO: 45 or 46 (TNFRSF10C), SEQ ID 
NO: 47 or 48 TNFRSF10B SEQ ID NO: 21 and 22 
GPR62. Also for example, a target sequence can include 
fully or partially methylated and (Subsequently) deaminated 
sequences based on the following genomic sequences SEQ 
ID NOs: 131 or 132 (GPX3, SEQ ID NOs: 125 or 126 
IGPX7), SEQID NOs: 127 or 128 GSTM4), SEQID NOs: 
137 or 138 SFRP2), SEQ ID NOs: 149 or 150 CSMD1, 
SEQID NOs: 167 or 168 (TNFRSF10B), SEQID NOs: 169 
or 170 TNFRSF10C), and SEQ ID NOs: 187 or 188 
GPR62). Such target sequences can be isolated or purified in 
accordance with methods known in the art. 

Also provided are isolated or purified primers derived from 
and Suitable for amplifying sequences internal to the above 
isolated or purified nucleic acid molecules. The isolated or 
purified primers can be DNA, RNA, PNA, and the like. It will 
be understood by one of ordinary skill in the art, however, that 
one type of nucleic acid can be preferred over another, 
depending on the particular biological sample, the method 
ology employed in assaying CpG islands for methylation, and 
the ability of the particular type of nucleic acid to detect 
methylation. One or more (e.g., two, three four, four, five, six, 
seven, eight, nine ten or more) isolated pairs of primers can be 
provided. Optionally, primers are provided as part of a kit 
useful in the methods disclosed herein. The pair of primers 
can consist essentially of SEQID NOs: 55 and 56, SEQ ID 
NOs: 57 and 58, SEQID NOs: 59 and 60, SEQID NOs: 61 
AND 62, SEQID NOs: 63 and 64, SEQID NOs: 65 and 66, 
SEQID NOs: 67 and 68, SEQID NOs: 69 and 70, SEQ ID 
NOs: 71 and 72, SEQID NOs: 73 and 74, SEQID NOs: 75 
and 76, SEQ ID NOs: 77 and 78, SEQ ID NOs: 79 and 80, 
SEQID NOs: 81 and 82, SEQID NOs: 83 and 84, SEQ ID 
NOs: 85 and 86, SEQID NOs: 87 and 88, SEQID NOs: 89 
and 90, SEQ ID NOs: 91 and 92, SEQ ID NOs: 93 and 94, 
SEQID NOs: 95 and 96, SEQID NOs: 97 and 98, SEQ ID 
NOs: 99 and 100, SEQID NOs: 101 and 102, SEQID NOs: 
103 and 104, SEQID NOs: 105 and 106, or SEQID NOs: 107 
and 108. It is understood that these primer pairs are examples 
of suitable primers for use in the context of the invention. For 
example, each primer can be between 10 and 40 nucleotides 
and together the pair of primers can flank a region of at least 
10, 20, 30, 40, 50, 60, 70, 80,90, 100,120, 130, 140, 150, 200, 
250, 300 by in length that includes one or more CpG dinuc 
loetides in a CpG island of interest. Primer pairs can be 
modified in various ways, such as by chemical modification 
of a base, and still be useful in the context of the invention. 
Other primers derived from the target sequences, namely 
SEQ ID NOs: 1-54 and 119-198, and variants thereof, also 
can be used in the context of the invention. The only require 
ment is that such primers function to assay for methylation of 
a given CpG island. Thus, for example, alternate primers can 
be selected or the provided primers can be modified or pro 
vided in degenerate form to account for target sequence poly 
morphisms within a given population, so long as the primers 
are still suitable for assaying modification of CpG islands 
associated with the genes disclosed herein. 

Like the target sequences, the primer pairs can be isolated 
or purified in accordance with methods known in the art. 
Alternatively, they can be synthesized using routine methods. 
The primers can be part of a kit. Preferably, the kit com 

prises at least three pairs of primers, wherein each primer pair 
is specific for a CpG island associated with a different gene. 
However, the kit can comprise additional primer pairs. Such 
as primer pairs for other CpG islands associated with the same 
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gene or primer pairs for amplifying CpG islands associated 
with four, five, six, seven, eight, nine, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or even more 
genes. The kit can further comprise one or more reagents for 
assaying for methylation of CpG islands, instructions for use, 
and/or other components as are typically found in kits. For 
example, the kit can comprise a buffer suitable for (a) isolat 
ing genomic DNA comprising a target sequence from a bio 
logical sample, (b) amplifying a portion of the target 
sequence, and/or (c) deaminating a target sequence. In 
embodiments directed to the evaluation of prostate cancer, a 
kit can comprise one or more buffers Suitable for preparing 
genomic DNA from serum and/or urine samples. 

EXAMPLES 

The following examples serve to illustrate the invention. 
The examples are not intended to limit the scope of the inven 
tion. 

Example 1 

This example demonstrates the determination of the 
methylation status of markers based on methylation-specific 
PCR amplification. Paraffin-embedded prostate tissues were 
obtained following radical prostatectomies. The tissue 
samples were sectioned into 23 10-micron sections and slide 
1, 12, and 23 were stained using hematoxylin and eosin 
(H&E). Using the H&E slides as guide, the areas correspond 
ing to the tumor tissues were microdissected from the 
unstained slides. The remaining tissues were recovered to use 
as a normal paired sample. Following deparaffinization using 
two Xylene extractions and two ethanol washes, the DNA was 
isolated from the tumor tissue and Surrounding normal tissues 
using standard proteinase K digest for 5 days at 50° C. 
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extraction with phenol/chloroform and ethanol precipitation 
(Current Protocols in Molecular Biology, edited by Ausubel, 
et al., Wiley-Interscience (New York 1988, revised 1988 
2006)). The DNA was resuspended in TE8 and the quality and 
quantity of the DNA was assessed by agarose gel electro 
phoresis using concentration and size standards as reference. 
Following denaturation in the presence of 0.3 MNaOH, the 
DNA was treated with 2.5M sodium metabisulfite, pH 5.5, in 
the presence of 1 mM hydroquinone at a concentration of lug 
of DNA/500 ul. The reaction was incubated in a thermocycler 
for a total of 8 cycles (95°C. for 5 minutes; 55° C. for 115 
minutes). 

Following bisulfite treatment, the DNA was purified using 
the QIAEX II purification kit (Qiagen, Valencia, Calif.) 
according to the manufacturer's recommendations and eluted 
in 50 ul of TE8. Sodium hydroxide (5.5ul of 2N) was added, 
and the DNA was incubated at RT for 15 min. The DNA was 
then precipitated with 3 volumes of ethanol and 0.3 volumes 
of 5 MNHOAC. The DNA was resuspended in 50 ul of TE8 
and stored at -20°C. 

In order to determine if a specific CpG position is methy 
lated in genomic DNA isolated from tumor tissue, methyla 
tion-specific polymerase chain reaction (PCR) was per 
formed, using primers designed to overlap the position of the 
CpG island of interest. All PCR reactions were performed in 
a MASTERCYCLER thermocycler (Eppendorf, Westbury, 
N.Y.) for 42 cycles of 95° C. for 15 seconds, 63° C. for 30 
seconds, and 72°C. for 10 seconds. Each reaction was carried 
out in 30 ul of 1x PLATINUMTaqPCR buffer containing 1.5 
mM magnesium chloride, 0.25 mM dNTPS, 12.5 pmoles of 
each primer, and 0.5units of PLATINUM Taq enzyme (Invit 
rogen, Carlsbad Calif.). The primers used for each CpG island 
and the size of the product are shown in Table 1, wherein “F” 
indicates forward primer, “R” indicates reverse primer, “m' 
indicates methylated, and “u' indicates unmethylated. 

TABLE 1. 

Annealing 
temperature 

(o C.) 
Product 

size (bp) 

F: GAGCGGGTAGCGAGAGTTTCGG 
D NO : 55 

R: TAACGACGCGACTACCGAAAACC 
D NO : 56 

63 119 

E: GATTAACGTGTTCGTGATTTCGTT 
D NO : 57 

R: CAACGACCAATAACCAATCAACGCC 
D NO : 58 

63 1 O2 

F: ATACGTCGGTGAGTTCGGTTTATC 
D NO : 59 

R: ACTCCCGACTCCCTAAACTCCGAA 
D NO : 60 

63 1 O1 

F: TGAATCGGCGAGGTGAGAGTCG 
D NO : 61 

R: ACCGAACGTCTCAACGCGAAAACG 
D NO : 62 

65 179 

: TATCGTTAGCGTCGTGGTGGAGTT 
D NO : 63 

R: CTACACGAACACTAAACCGACCGA 

D NO : 64 
F; TCGGTCGTTACGTTGATCGTTATTC 

D NO : 65 

R: ACCCTACGCATACCCTTCTCGAAC 
D NO : 66 

63 12O 

63 119 

SEQ 
F: GTTTCGAGGAAGTTTCGGGTACGG 

D NO : 67 
63 103 
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24 

Annealing 
Gene associated 
with CpG islandPrimer sequences 

DKK2 m: GTTGCGTTGGTAGCGATTCGTTGT 

SEO ID NO : 2O7 
mR: CCCGAACCGAATCCTCGAAATCT 

SEQ ID NO: 2O8 

NTN1 mE: GACGTAGTATGATGCGCGTAGTGTG 

SEQ ID NO: 209 
mR: GCGAACATACTAAACCCGAACCC 

SEQ ID NO: 210 

HTRA4 m: GGATTACGTCGGTGTTCGATTTGT 

SEQ ID NO: 211 
mR: AACGCACGATTAACCCTACGCC 

SEQ ID NO: 212 

MMP9 mE: TCGGATTAAGGTAGGCGTGGTTTC 

SEQ ID NO: 213 
mR: AACGTAAACGCCGAACCGAAC 

SEQ ID NO: 214 

RHOD mE: GGAAGACGTCGTTGTTGATGGTTT 

SEQ ID NO: 215 
mR: ACCGCTCCGACACGAACCTATAC 

SEQ ID NO: 216 

TNSF11 mE: AGCGTTATGCGTCGCGTTAGTAG 

SEO ID NO : 217 
mR: GCAAACGACGACGAAACGTACA 

SEQ ID NO: 218 

SFRP2 mF: GAAGAGAGCGGGTTCGGGATAAG 

SEQ ID NO: 219 
mR: CTACAACATCGTAAACGCGCGAC 

SEQ ID NO: 220 

The products of the PCR reactions were separated on 8% 
acrylamide gel. Only templates that exhibited methylation at 
all of the CpG islands that were present within the primers 
could serve as efficient templates for the amplification reac 
tions. Control reactions were performed using fully methy 
lated templates that were methylated in vitro using SS1 
(CpG) methylase (NEB, Beverly, Mass.) according to the 
manufacturer's protocol. All primer pairs listed in Table 1 
yielded a product of the correct size from fully methylated 
control template. Two negative controls (water and DNA 
isolated from white blood cells) were included for each target 
PCR amplification, which did not yield a PCR product. When 
a CpG island is methylated in a DNA sample, an amplification 
product of the expected size is obtained. This example dem 
onstrates that the above primers can be used to assay for 
methylation of CpG islands in prostate cancer and that the 
CpG islands exhibit methylation in prostate cancer. 

Example 2 

This example demonstrates the determination of the 
methylation status of CpG islands at the ADRB3 locus by 
DNA sequencing. DNA is obtained from tumor samples and 
treated with sodium bisulfite as described in example 1. Two 
microliters of the bisulfite treated DNA are amplified with the 
following primers: ADRB3-F1: GAGAAGAGGAAGGTA 
GAAGGAG (SEQ ID NO: 221 and ADRB3-R1: CTAC 
CTAACTATAACCAACCC SEQID NO: 222 for 40 cycles 
as described in example 1 except for the annealing tempera 
ture, which is lowered to 55° C. The amplified 250 bp product 
is purified using QIAquick PCR purification kit (Qiagen, 
Valencia Calif.) and recovered in TE8. Fifty nanograms of the 
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Product 
size (bp) 

117 

103 

95 

12 O 

116 

ADRB3 amplified product is sequenced using 1.25 pmole of 
ADRB3-F2:ACGGAGGAGGATAGTAGTACG SEQ ID 
NO: 223 using BigDye Terminator v3.1 cycle sequencing kit 
(Applied Biosystems) and the sequencing reaction is purified 
using Centri-Sep columns (Applied Biosystems) according 
to the manufacturer's protocols. The products of the sequenc 
ing reaction are analyzed using an ABI 3700 sequencer 
according to manufacturer's specification. The resulting 
DNA sequence shows one or more sequence peaks corre 
sponding to cytosine base or a mixed cytosine?thymidine base 
at the cytosine residue position of CpG dinucleotides that are 
fully or partially methylated in the original tumor DNA. 

Alternatively, a more detailed sequence analysis is 
obtained by cloning the product of the amplification reaction 
using a TOPOTA cloning kit (Invitrogen, Carlsbad Calif.) 
according to Supplier's protocol. Approximately 20 colonies 
are chosen for further analysis. Each colony is grown in 3 ml 
of LB media for 16 hours. DNA is isolated from 1.5 ml aliquot 
using plasmid preparation kit from Qiagen. The plasmid 
DNA is quantitated using spectrophotometer and 1 micro 
gram aliquot is sequenced as described above. The sequence 
of the 20 individual clones is compared to determine which 
cytosines are methylated and to provide an estimate of their 
rate of methylation in the tumor sample. This example shows 
that the methylation status of cytosines within CpG islands 
can be determined using a sequencing approach. 

Example 3 

This example demonstrates the determination of the 
methylation pattern of multiple CpG islands associated with 
KIFC2, GFRA1 and GPX7 using terminator-coupled linear 
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amplification. From DNA from tumor samples prepared as 
described in example 1, fragments of the CpG islands asso 
ciated with KIFC2, GFRA1, GPX7 are amplified individually 
using the mF1 and mR1 primers shown below for each CpG 
island. The amplification reactions are performed for 42 
cycles as described in example 1 except for the annealing 
temperature, which was lowered to 58° C. An aliquot of the 
amplification reaction is separated on an 8% acrylamide gel 
to Verify that fragments of the appropriate length are obtained 
(264 bp for KIFC2,326 bp for GFRA1, 367 bp for GPX7). 
The product of the PCR reaction were purified using 
QIAQUICK PCR purification kit (Qiagen). 

Each amplification product (25 nanograms) is subjected to 
linear terminator-coupled amplification using 1.5 pmoles of 
the fluorescently labeled F2 primer shown below for the cor 
responding amplicon. The amplification reaction includes 1 x 
VentR (exo-) DNA polymerase (New England Biolabs, Bev 
erly Mass.), 30 uM dATP, 37 uM dCTP 100 uM dGTP, 100 
uMdTTP, 480 uMddCTP and 2 units of VentR (exo-) DNA 
polymerase. Reactions are performed in an MASTERCY 
CLER thermocycler (Eppendorf) for 30 cycles of 95°C. for 
15 seconds, 58° C. for 30 seconds, and 72°C. for 30 seconds. 
Following amplification, the reaction products are pooled 
into a single tube and purified using Centri-Sep columns 
(Applied Biosystems) according to the manufacturer's pro 
tocols. One microlliter of GENESCAN 500 LIZ Standard 
(Applied Biosystems) is added to one tenth of the purified 
fragment and the DNA separated using the ABI Prism 3100 
Genetic Analyzer (Applied Biosystems) according to manu 
facture's instructions. The data is analyzed using the GENES 
CAN and the GENEMAPPER software (Applied Biosys 
tems). 

The following primers are used for the amplifications: 

KIFC2-F1: 

AGGTA (C/T) GTTGTATTTGGTGGATTTGG SEQ ID NO: 224 

KIFC2-R1 : 
CCCACCTACAACAACAACACC SEQ ID NO: 225 

KIFC2-F2: 
6FAM- GAACGCGTACGGAAGGTAGG SEQ ID NO: 226 

GFRA1-F1: 
GTGATAGGTTTGTAGATTTGATAGTTG SEO ID NO: 227 

GFRA1-R1: 
AACTAACCTCCATTTTAACTATTTC SEQ ID NO: 228 

GFRA1-F2: 
NED-GAGAGATGAATTTGGATATTAGT SEQ ID NO: 229 

GPX7-F1: 

GGTAAATTGGTGT (C/T) GTTGGAGAAG SEQ ID NO: 23 O 

GPX7-R1: 

ACTAAACAATAATACCC (A/G) ACCTC SEQ ID NO: 231 

GPX7-F2: 
WIC-GTCGTTGGGTTCGGTTTCGTTTTG SEQ ID NO: 232 

The F1 and R1 primers are used for the amplification of a 
fragment of a CpG island from the tumor DNA. The F2 
primers are used for termination-coupled linear amplifica 
tion. 

This example shows that termination-coupled linear 
amplification fragment lengths can be analyzed to (i) deter 
mine the presence and/or the positions of methylated 
cytosines in CpG islands in a sequence of interest as well as 
(ii) provide information about the efficiency of the deamina 
tion reaction, since incomplete deamination results in frag 
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ments with length that differ than what is expected from the 
positions of the CpG dinucleotides within the sequence. 

Example 4 

This example demonstrates the use of methylation-coupled 
whole genome amplification on DNA recovered from urine 
samples to increase the amount of DNA available for CpG 
island marker assays. Urine samples were obtained from 4 
patients that were recently diagnosed with prostate cancer. 50 
ml samples were spun down at 4000 rpm for 15 min, trans 
ferred to 1.5 ml tubes and washed twice with PBS. The DNA 
was extracted using proteinase K digest (100 ul of 25 mM Tris 
pH8.0, 100 mM. NaCL, 1% SDS, 5 mM EDTA and 10 ug of 
Proteinase K followed by phenol/chloroform extraction and 
ethanol precipitation. The DNA was resuspended in 10 ul 
TE8 buffer (10 mM Tris, pH 8.0, 1 mM EDTA). 
A partially random primer with the sequence GGGN (50 

ng) was added to 5 ul of DNA. 12 ul of a denaturing solution 
(50 mM KOH, 0.1 mM EDTA) was added to the DNA/ 
random primer mix. After a five-minute incubation at room 
temperature, 12 Jul of a neutralization solution (60 mM Tris 
(pH 7.5), 50 mM HCl) was added to neutralize the reaction. 
The DNA/primer mix was denatured at 94°C. for 5 minutes, 
incubated at room temperature for 10 minutes, and then 
placed on ice. 
The amplification reaction was set up in a final Volume of 

30 ul. The following reagents were added to give the indicated 
final concentrations: (a) 1xNEB buffer 2 (1x NEB buffer 2: 
50 mMNaCl, 10 mM Tris-HCl, pH 7.9, 10 mMMgCl, 1 mM 
dithiothreitol), 333 uM dATP, dCTP, dGTP, dTTP 160 uM 
S-adenosylmethionine, and 10 ng/ul of bovine serum albumin 
(BSA) were combined and to which was added (b) DNA 
methyltransferase enzyme 1 (0.15 units/ul) (New England 
Biolabs) and incubated at 37°C. for 10 minutes, and followed 
by (c) adding Klenow polymerase to a final concentration of 
0.167 units/ul, and Klenow exo- to a final concentration of 
0.167 units/ul (New England Biolabs). 
The reaction was incubated at 37° C. for 16 hours, and the 

reaction was stopped by the addition of EDTA to a final 
concentration of 5 mM, phenol/chloroform extracted, and 
ethanol precipitated. The DNA was resuspended in 40 ul of 
TE8 and 41 were separated on agarose gel to verify the 
presence of DNA. 
The DNA was treated with sodium bisulfite and analyzed 

by methylation specific PCR as described in Example 1 using 
the GPR147 and RET assays. The presence of a band of the 
expected size for either marker indicated the methylation of 
the associated marker in the input DNA. 

All references, including publications, patent applications, 
and patents, cited herein are hereby incorporated by reference 
to the same extent as if each reference were individually and 
specifically indicated to be incorporated by reference and 
were set forth in its entirety herein. 
The use of the terms “a,” “an,” “the and similar referents 

in the context of describing the invention (especially in the 
context of the following claims) are to be construed to cover 
both the singular and the plural, unless otherwise indicated 
herein or clearly contradicted by context. Recitation of ranges 
of values herein are merely intended to serve as a shorthand 
methodofreferring individually to each separate value falling 
within the range, unless otherwise indicated herein, and each 
separate value is incorporated into the specification as if it 
were individually recited herein. All methods described 
herein can be performed in any suitable order unless other 
wise indicated herein or otherwise clearly contradicted by 
context. The use of any and all examples, or exemplary lan 
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guage (e.g., “such as”) provided herein, is intended merely to Preferred embodiments of this invention are described 
better illuminate the invention and does not pose a limitation herein, including the best mode known to the inventors for 
on the scope of the invention unless otherwise claimed. No 
language in the specification should be construed as indicat 
ing any non-claimed element as essential to the practice of the 5 illustrated embodiments are exemplary only, and should not 
invention. be taken as limiting the scope of the invention. 

carrying out the invention. It should be understood that the 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 232 

<21 Os SEQ ID NO 1 
&211s LENGTH: 16 OO 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

gagtttattt togtttgcgt gcgatagggit ttttgtattt aagtgagtta aggaatgaat 60 

titcgaattitt tttgggaaag tt attaacgt titttitt.cgta tttitttittag ggitttittgat 12O 

tacggagatt ttgtttgggg tataggtgtg ggagtcgitaa atttittttitt gcgt.cgttitt 18O 

ttitt.cgc.gtg gaatgggacg gagtagttitt tttaggcgtt gtttggttgc ggaggggagc 24 O 

ggg tagcgag agttt cq99t titt.cgtttgg gtttitcgggit titt.cgggggg ttggitttcgg 3 OO 

ttitt.cgc.gta gC9tttagcg attitttgtcg ggggtttitcg gtagt cqcgt. c9tt atttitt 360 

cgttcggitta gCdcgggagg aaaaggggitt gcgttcggga gcgt.cgagtt taggittttitt 42O 

tcggtgg.cgt gttcgc.gttt C9gggtgggg gttgttggtggg galagagggag gigg.cgaggt 48O 

taggggaggg tecgaaggag gC9tttgttt ttaatttgcg gg.cgggaggt gigtggttgc 54 O 

ggggtaattgaaaaagagtic gg.cgaggagt ttittcaaat ttgttggaat titcgggttcg 6 OO 

cgcggaggtt aggagttgag C9gcggcggit tdtcggacga tigggagcgtg agtaggacgg 660 

tgataattitt ttitt.cgatcg ggttgcgagg gC9tcgggta gaggittagga cqcgagtcgt. 72O 

tagcggtggg atttatcgac gatttitt.cgg gg.cgatagga gtag titt.cga gagittagggc 78O 

gag.cgttcgt tittaggtggit cqgat.cgttc gtcgcgttctg. Cdtc.gc.gttt tttgtaggta 84 O 

acgggagacg ttitt.cgc.gta gcdc.gagcgt tittagcgcgg togttctgttt tttittitt.cga 9 OO 

gggataaatt ttttittaaat to gatt.cgag tttittggatt aaattic gttt gogt cdagag 96.O 

togttcgcgt agagcgttt C gttitt.cgcg agatgttcga gcgtaaagaa gg tagaggta O2O 

aagggaaggg talagaagaag gagcgaggtt togg talagala gttcggagttc gC9g.cgggta O8O 

gttagagttt aggtgggtgc gtagcgcggit togggttitta catttittitt tttgttittitt 14 O 

ttatttitttt tttttitt cqg atgtcgtggt ttttitttittt ttttittttitt cqttcgttitt 2 OO 

titt.cgttittg cgttittgagc gttcgttgag togcgcggtg ttttittttitt togggg.tc.gt 26 O 

cgttt atttg gg.cgt.cgagt tittatcgggc gtttacgttt agagtttagg gtaagggata 32O 

gtag titt cqg tog tatttitt ttagagtttic gggagcgttt cqtttitttgg tacggtttitt 38O 

ttittagcgtt ttagcggttg agtttagttc gggagtggga tittgggittat aggagt cag 4 4 O 

gttgcgtgcg cgcgtgttt C gcgittataag cqttttgtac gggggtctg tdttittittag 5 OO 

cgggaaacgt tdgaatgggt catttggagg gaga.gtcggit tttitt.cggtg tdtttgg tag 560 

Cgtagaagttg ggtggtcgag talagaggtog C9tgggalagt 6 OO 

<21 Os SEQ ID NO 2 
&211s LENGTH: 16 OO 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
























































































































































































